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(54) Optical pickup

{57)  An optical pickup can be provided, the optical
pickup being capable of recording and playback of a plu-
rality of optical disks having different specs by using light
beams of different wavelengths, and further being suit-
able for integrating the semiconductor lasers and light
receiving elements into a single package, by including:
first and second semiconductor lasers adjacently dis-
posed; a three-beam diffraction grating for generating
three beams for tracking control; a second hologram el-
ement for diffracting light of the second semiconductor
laserto guide it to a photosensor; a complex polarization
beam splitter (PBS) for reflecting only light from the first
semiconductor laser; and a first hologram element for
dxffractlng light of the first semiconductor laser to gunde
it to the photosensor.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an optical pickup which performs optical recording and reproducing of infor-
mation with respect to information recording media such as an optical disk and an optical card, and in particular to a
compatible optical pickup applicable to a plurality of optical disks of different specifications for performing recording
and reproducing using light beams having diiferent wavelengths.

BACKGROUND OF THE INVENTION

[0002] In recent years, an optical disk has been utilized in a variety of fields of audios, videos, computers and the
like, because of its capability of recording a large quantity of information signals with high density.

[0003] Particularly, optical disks having various difierent specifications (specs) such as CDs, CD-Rs and DVDs have
been commercially available. What is required of an optical pickup is compatibility with these disks of the different
specs so that a single optical pickup can perform recording or reproducing inforration of all types of disks.

[0004] In the case of CDs and CD-Rs, a substrate and/or a recording medium have characteristics which are opti-
mized for an infrared light beam having a wavelength in the vicinity of 780 nm. Similarly, in the case of DVDs, such
characteristics are optimized for a red light beam having a wavelength in the vicinity of 650 nm. Further, a development
of a recording or reproducing disk for which the use of a blue light beam of about 400 nm would be available in future
has been in progress.

[0005] An example of the optical pickup compatible with the disks for thus recording and reproducing using different
wavelengths is disclosed in Japanese Unexamined Patent Publication No. 128794/1997 (Tokukaihei 9-128794 pub-
lished on May 16, 1997), a configuration of which is shown in Figure 37.

[0006] This optical pickup is provided with a first semiconductor laser 1, a second semiconductor laser 2, a three-
beam diffraction grating 3, a lattice lens 4, an objective lens 5, a hologram element 7, and a light receiving element 8.
The first semiconductor laser 1 starts oscillating when a wavelength of laser light is in a 635 nm band, and the second )
semiconductor laser 2 starts oscillating when a wavelength of laser light is in a 780 nm band. The three-beam diffraction
grating 3 causes a light beam of each light sources to emerge as three beams which are used for tracking control. The
lattice lens 4 acts as a concave lens depending on a direction of a polarized wave of the light beam. The hologram
element 7 diffracts light reflected from a disk 6, thereby guiding it to the light receiving element 8.

- [0007] Here the first and second semiconductor lasers 1 and 2 disposed so that the directions of polarized waves
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thereof mutually intersect.

[0008] First, the following will explain an optical system in the case of using the first semiconductor laser 1 of the
635 nm band to play back an optical disk having a plate thickness of 0.6 mm. Light emitted from the semiconductor
laser 1 is separated into three beams by the diffraction grating 3 and transmitted through the hologram element 7,
thereafter simply passing through the inactive lattice lens 4 so as to converge on the disk 6 by the objective iens 5.
[0009] The light reflected at the disk 6 and returned therefrom is similarly diffracted at the hologram element 7,
thereafter being guided to the light receiving element 8. The light beams in the directions of the polarized waves re-
spectively have such lattice patterns as to be acted upon by the lattice lens 4.

[0010] Next, the following will explain an optical system in the case of using the second semlconductor laser 2 of the
780 nm band to play back an optical disk having a plate thickness of 1.2 mm.

[0011] Light emitted from the semiconductor laser 2 is separated into three beams by the diffraction grating 3 and
transmitted through the hologram element 7, thereafter receiving the concave lens action of the lattice lens 4 and
converging on the disk 6 by the objective lens 5.

[0012] The light reflected at the disk 6 and returned therefrom is similarly diffracted at the hologram element 7,
thereafter being guided to the light receiving element 8. The light beams in the directions of the polarized waves re- .
spectively have such lattice patterns as to be acted upon by the lattice lens 4.

[0013] Note that, it is designed that the concave lens action of the lattice lens 4 corrects spherical aberration which
emerges when a disk thickness is in a range of 0.6 mm to 1.2 mm.

[0014] In this arrangement, in the case of the first semiconductor laser 1 for example, the hologram element 7 is
designed so that the diffraction light of disk reftection light is guided to the light receiving element 8.

[0015] Further, in the case of the second semiconductor laser 2 having another wavelength, it is arranged so that a
focus point of the disk reflection light on the light receiving element 8, which tends to vary due to different diffraction
angles formed by different wavelengths, is kept close at a right position.

[0018) Further, both the light from the first semiconductor laser 1 and the light from the second semiconduclor laser
2 are respectively separated into three beams by the diffraction grating 3, and the same receiving element 8 detects
tracking error signals according to a three-beam method.
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[0017] With this arrangement, it is possible to commonly use the single light receiving element 8, two of which have
been required conventionally, thereby reducing the number of components and the number of steps in the assembly.
[0018] (n the case of the conventional optical pickup, with regard to semiconductor laser light having a plurality of
wavelengths, it is designed that a positional relationship among light sources is set according to a predetermined value,
thereby guiding the light to the shared light receiving element by the single hologram element.

[0019] However, in the case where Jaser and the light receiving element are integrated into one package, the laser
and the light receiving element are in general fixedly located at a predetermined position, that is, a stem within the
package. Therefore, it is often the case that the control of a position and/or rotation is not available for the light receiving
element when controlling the hologram element.

[0020] Namely, an offset contro! of a focus error signal and/or tracking error signal for example, which is caused by
an error in the mounting of the laser or the light receiving element, form tolerance in a phase on which the hologram
element is mounted, or the like, is in most cases performed by the control of the hologram element alone. However,
in that case, when optimizing the hologram element for one of semiconductor laser light sources, it is very likely that
the same optimum condition becomes ineffectual when using the hologram element with another semiconductor laser
light source.

[0021] More specifically, controlling only the position of the hologram element in the assembly raises problems such
that servo error signals cannot be optimized, or tolerances in the mounting of the laser and the Ilght receiving element,
in packaging, and the like are made highly exacting, thereby increasing costs.

[0022] Further, the hologram element is often provided with an aberration correction funclion so as to obtain desirable
light converging characteristics on the light receiving element; however, it is difficult to design such a hologram pattern
as to perform optimum aberration correction with respect to a plurality of different wavelengths.

[0023] Furthermore, the conventional optical pickup has a problem that it is not applicable to a plurality of optlcal
disks of different specs in which different tracking error signals are used, respectively, because only a tracking error
signal according to the three-beam method can be detected from either of light beams of the semiconductor laser
having a plurality of waveforms.

SUMMARY OF THE INVENTION

[0024] Itis an object of the present invention to provide an optical pickup which is compatible with a plurality of optical
disks of different specs for performing recording and reproducing using light beams of different wavelengths, capable
of an easy assembly control, and suitable for downsizing integration.

[0025]} In order to attain the foregoing object, the optical pickup according to the present invention includes: a first
light source for generating a light beam having a first wavelength; a second light source for generating a light beam
having a second wavelength different from the first wavelength; a lens system for focusing the two light beams on an

-optical disk; a photosensor for sensing reflection light beams from the optical disk; an optical path splitting-element for

splitting optical paths of the two reflection light beams having different wavelengths; and first and second hologram
elements for respectively diffracting at least one of the two light beams of the different wavelengths which were split
by the optical path splitting element, and guiding the thus diffracted light to the shared photosensor.

[0026] With this arrangement, light beams emitted from the first and second light sources and having different wave-
lengths are focused on the optical disk by the lens system, then, reflected. The optical paths of the respective reflecting
light beams are split by the optical path splitting element, thereby travelling through different optical paths. Further, at
least one of the reflecting light beams is diffracted at the first and second hologram elements, thereby guiding the both
refiecting light beams to the shared photosensor.

[0027] For example, the reflecting light beam of the first light source is diffracted at the first hologram element where-
as the reflecting light beam of the second light source is diffracted at the second hologram element, thereby guiding
the both diffracted light beams to the shared photosensor through different optical paths. Further, in the case where
the reflecting light beams of the first and second light sources are diffracted at the same first hologram element, since
the light beams have different wavelengths, and hence different diffraction angles, the diffraction light of either of the
first and second light sources is diffracted at the second helogram element, thereby guiding the both reflecting light
beams-to the shared photosensor through different optical paths.

[0028] As explained, the refiecting light including light beams of different wavelengths from the optical disk is split
into different optical paths by the optical path splitting element, and the thus split light beams are diffracted at the first
and second hologram elements, respectively, thereby guiding the light beams to the shared photosensor. This enables
the shared use of the photosensor between the light beams having different wavelengths regardless of the positions
of the first and second light sources. Consequently, it is possible to provide an optical pickup which is capable of
performing recording or reproducing with respect to the plurality of optical disks having different specs which are re-
corded and played back by using light beams of different wavelengths, and further being suitable for integrating lasers
and light receiving elements into a single package.
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[0029] The optical pickup preferably has an amangement in which the optical path splitting element and at least one
of the first and second hologram elements are separately provided so that a position of either of the two reflecting light
beams can independently be controlled over the photosensor by separately controlling each of the eiements.

[0030] With this arrangement, when, for example, the optical path splitting element transmits one of the reflecting
light beams while reflecting the other, it is possible to cormrect deviation in the latter reflecting light beam caused by the
optical path splitting element by the following control: the hologram elements are first controlied so as to control the
position of the former reflecting light beam over the photosensor, then, the hologram elements are fixed, thereafter
controlling the optical path splitting element so as to make the foregoing correction of deviation. Consequently, the
hologram elements and/or the PBS can be controlled independently with respectto the respective light sources, thereby
easily performing optimum assembly control with respect to light from the ali light sources. This realizes milder toler-
ances in the mounting of the lasers and the light receiving elements and in the packaging process, thereby greatly
reducing costs. ’

[0031] The foregoing optical pickup preferably has an arrangement in which the first hologram eiement is used to
detect a tracking error signal according to a phase difference method or a push-pull method, and the second hologram
element is used to detect a tracking error signal according to a three-beam method or a differential push-pull method.
With this arrangement, it is possible to detect any of different tracking error S|gnals obtained by the foregoing tracking
methods without changing the forms of the light receiving elements.

[0032] Additional objects, features, and strengths of the present invention will be made clear by the description below.
Further, the advantages of the present invention will be evident from the following explanation in reference to the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Figure 1 is a schematic diagram showing an optical system according to a First Embodiment of an optical
pickup of the present invention.

[0034] Figure 2 is a front view showing a configuration of an integrated laser unit according to the First Embodiment
of the optical pickup of the present invention.

[0035] Figures 3(a) to 3(d) are explanatory views showing structures of a dual-wave semiconductor laser element.

[0036] Figure 4is an explanatory view showing a relationship between a groove depth and diffraction efficiency of
a hologram.

[0037] Figure 5 is an explanatory view showing a relationship between a groove depth and reciprocating utilization
efficiency of a hologram.

[0038] Figures 6(a) to 6(c) are explanatory views showing division patterns in a first hologram element and a light

-receiving element, respectively.

[0039] Figure 7 is an explanatory view showing division patterns in a second hologram element and the light receiving
element, respectively.

[0040] Figure 8 is a diagram for an explanation of emergence of stray light in the second hologram element.
[0041] Figure 9 is a diagram for an explanation of emergence of stray light in the first hologram element. )
[0042] Figure 10 is an explanatory view showing other division patterns in the first hologram element and the light
receiving element, respectively. )

[0043] Figure 11 is an explanatory view showing other division patterns in the second hologram element and the
light receiving element, respectively.

[0044] Figures 12(a) and 12(b) are explanatory views showing division patterns in the hologram elements and the
light receiving element for correcting an adverse effect of variations in wavelength of diffraction light.

[0045] Figures 13(a) and 13(b) are explanatory views showing other division patterns in the hologram elements and
the light receiving element for correcting an adverse effect of variations in wavelength of diffraction light.

[0046] Figure 14 is an explanatory view showing other division patterns of the first hologram element and the light
receiving element. -

[0047] Figure 15 is an explanatory view showing other division patterns of the second hologram element and the
light receiving element.

[0048] Figure 16 is a diagram for an explanation of a method for controlling an integrated unit.

[0049] Figure 17 is a diagram for an explanation of contro! of the second hologram element.

[0050] Figure 18 is a diagram for an explanation of contro! of the second hologram element.

[0051] Figure 19 is a diagram for an explanation of control of a complex prism.

[0052] Figure 20 is a diagram for an explanation of control of a complex prism.

[0053] Figure 21 is a front view showing a configuration of a first integrated laser unit according to a Second Em-
bodiment of the optical pickup of the present invention.

[0054] Figure 22 is a front view showing a configuration of a second integrated laser unit according to the Second
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Embodiment of the optical pickup of the present invention.

[0055] Figure 23 is a front view showing a configuration of a third integrated laser unit according to the Second
Embodiment of the optical pickup of the present invention.

[0056] Figure 24 is a front view showing a configuration of a fourth mtegrated laser unit accordlng to the Second
Embodiment of the optical pickup of the present invention.

[06057] Figure 25 is a front view showing a configuration of a fifth integrated laser unit according to the Second
Embodiment of the optical pickup of the present invention.

[0058) Figure 26 is a front view showing a configuration of a sixth integrated laser unit according to the Second
Embodiment of the optical pickup of the present invention. ’

[0059] Figure 27 is a front view showing a configuration of a seventh integrated laser unit according to the Second
Embodiment of the optical pickup of the present invention.

[0060]) Figure 28 is a front view showing a configuration of an eighth integrated laser unit according to the Second
Embodiment of the optical pickup of the present invention.

[0061] Figure 29 is a front view showing a configuration of a ninth integrated laser unit accordmg to the Second
Embodiment of the optical pickup of the present invention.

[0062] Figure 30 is a schematic diagram showing an optical system according fo a Th|rd Embodiment of the optical
pickup of the present invention.

[0063] Figure 31 is a front view showing a configuration of an integrated laser unit according to the Third Embodiment '
of the optical pickup of the present invention. :

[0064] Figure 32 is a diagram for an explanation of details of the integrated laser unit according to the Third Embod-
iment of the optical pickup of the present invention.

[0065] Figure 33is an explanatory view showing division patterns and light converging states in the hologram element
and the light receiving element.

[0066) Figure 34 is an explanatory view showing division patterns and other light converging states in the hologram
element and the light receiving element. '

[0067] Figure 35 is a schematic diagram showing an optical system according to a Fourth Embodiment of the optical
pickup of the present invention.

[0068] Figure 36 is a schemalic diagram showing an optical system according to the Fourth Embodiment of the -
optical pickup of the present invention.

[0069] Figure 37 is a schematic diagram showing an optical system in a conventnonal optical pickup.

DESCRIPTION OF THE EMBODIMENTS

[0070] The following will explain in detail a First Embodiment of the present invention with reference to Figures 1
through 20. Note that, components identical with those shown in the conventional example above will be gwen the
same reference symbols, and explanation thereof will be omitted here.

[0071] Figures 1 and 2 are schematic diagrams of an optical pickup according to the present embodiment. Light
emitted from an integrated laser unit 10 is changed into parallel light at a collimator lens 11 and transmitted through a

" wavelength selecting aperture 12, thereafter being focused on an optical disk 6 by an objective lens 5. The reflection
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light from the optical disk 6 travels through same optical components as those of an outward travel so as to be focused

-on a photosensor 27 of the integrated laser unit 10.

[0072] Details of the integrated laser unit 10 wili be discussed with reference to Figure 2. The integrated laser unit
10 includes a first semiconductor laser 20 which starts oscillating when a wavelength of laser lightis in a 650 nm band,
and a second semiconductor laser 21 which starts oscillating when a wavelength of lager light is in a 780 nm band,
which are adjacently disposed.

[0073] Further, the integrated laser unit 10 is provided with a three-beam dlffracuon grating 22, a first hologram
element 23, a second hologram element 24, a complex polarization beam splitter (complex PBS) 25, a wave plate 26,
and the photosensor 27, 30 or 31. The three-beam diffraction grating 22 causes emergence of three beams for tracking
control. The first holegram element 23 diffracts a light beam of the first semiconductor laser 20 and guides the diffracted
light beam to a light receiving element 27, and the second hologram element 24 diffracts a light beam of the semicon-
ductor laser 21 and guides the diffracted light beam to the light receiving element 27. The complex PBS 25 has a
polarization beam splitter surface 25A and a reflector surface 25B.

[0074] Here, the first semiconductor laser 20, the second semiconductor laser 21 and the light receiving element 27
are mounted inside a laser package 28. The diffraction grating 22 and the first and second hologram elements 23 and
24 are respectively formed on the front and back of a transparent substrate 29. The transparent substrate 29, the
complex PBS 25 and the wave plate 26 are integrally and fixedly bonded to the laser package 28, thereby composing
the integrated laser unit 10.

[0075] As the light sources of the optical pickup, the first semiconductor laser 20 and the second semiconductor
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laser 21 are mounted. The structures of chips thereof include a 'hybrid type', a ‘monolithic type’, etc. The 'hybrid type’
is a structure in which two types of differently formed laser chips are fixed by thermal fusion, examples of which are
the horizontal placement of Figure 3(a) and the vertical staciiing of Figure 3(b). The 'monolithic type' is a structure in
which two types of laser chips are formed on the same subsi-2ie by repeating crystal growth twice in a direction of an
active layer shown in Figure 3(c) and in a direction perpendicular to the active layer shown in Figure 3(d).

[0076] Generally, the 'hybrid type' fabricates a laser chip individually. Therefore, it is capable of combining laser chips
having various characteristics and waveforms, and can manage chip yields individually, thereby improving yields of
the entirety of a dual-wave laser. However, the 'hybrid type' has a problem such that errors in an interval between, and
in positions of, light emitting points may increase depending on a tolerance at the time of fixedly setting the chip.
[0077] Incomparison, the ‘monolithic type' is combined with the limiled types of lasers, and has inferior yields. How-
ever, since two laser elements are formed on the same substrate, only errors related to a semiconductor process may
occur, thereby making it possible to very closely set tolerances in positions of, and an interval between, the two laser
elements. T ’

[0078] Further, as shown in Figures 3(a) and 3(c), when the light emitting points are aligned side by side in the
direction of the active layer, such fabrication is easy, but an interval between the light emitting points increases to an
éxtent of 100 pm to 200 um. This arises a problem such that an optic axis largely deviates from its right position when
the semiconductor laser chips thus fabricated are mounted on the pickup.

[0079] Onthe other hand, as shown in Figures 3(b) and 3(d), when the light emitting points are aligned in the direction
perpendicular to the active layer, such fabrication is difficult, but an interval between the light emitting points can greatly
be reduced to an extent of a few pm to 20 pm.

[0080] The optical pickup according to the present embodiment has an arrangement capable of controlling a sensing
optical system individually with respect to each wavelength. Therefore, regardless of whether an interval between the
light emitting points and an error therein as explained referring to Figures 3(a) to 3(d) are large or smali, the light
sources having various chip structures can be utilized. )
[0081] Next, the following will explain in detail a method for reproducing information of different optical disks. For
example, when playing back a DVD having a plate thickness of 0.6 mm, a light beam 40 emitted from the first semi-
conductor laser 20 of the 650 nm band shown in Figures 3(a) to 3(d) is transmitted through the diffraction grating 22,
the second hologram element 24, the polarization beam splitter surface 25A of the complex PBS 25, and the wave
plate 26. and is changed into paraliel light by the collimator lens 11, thereafter being transmitted through the wavelength
selecting aperture 12 and focused on an optica! disk 6A having the plate thickness of 0.6 mm by the objective lens 5.
[0082] Further, returning light is transmitted through the objective lens 5, the wavelength selecting aperture 12 and
the collimator lens 11, and reflected at the polarization beam splitter surface 25A and the reflector surface 25B, there-
after being diffracted at the first hologram element 23 and focused on the photosensor 27.

[0083] Further, when playing back a CD having a plate thickness of 1.2 mm, a light beam 41 emitted from the second
semiconductor laser 21 of the.780 nm band is split into three beams by the diffraction grating 22, and transmitted
through the second hologram element 24, the polarization beam splitter surface 25A of the complex PBS 25, and the
wave plate 26, and is changed into parallel light by the collimator lens 11, thereafter being given an aperture limit by
the wavelength selecting aperture 12 and focused on an optical disk 6B having the plate thickness of 1.2 mm by the
objective lens 5.

[0084] Further, returning light is transmitted through the objective lens 5, the wavelength selecting aperture 12, the
collimator lens 11 and the polarization beam splitter surface 25A, and diffracted at the second hologram element 24,
then, focused on the photosensor 27. )

[0085] The wavelength selecting aperture 12 has a wavelength selecting film which allows transmission of, for ex-
ample, the light of 650 nm. However, with respect to the light of 780 nm, it limits an aperture so that an NA of the
objective lens 5 becomes 0.45.

[0086] Further, as to the objective lens 5, basically with respect to the light having a wavelength of the 650 nm band
and a NA 0.6, it takes an aspherical form such that an aberration is sufficiently reduced when the plate thickness is
0.6 mm. However, in the case of the light having a wavelength of a 780 nm band, the objective lens 5 partially corrects
its form with respect to a light beam in a region in the vicinity of a NA 0.45, where an aberration is large, so that the
light is focused on an optical disk having a plate thickness of 1.2 mm.

[0087] Accordingly, the objective lens 5 is designed so that the aberration is sufficiently reduced with respect to
respective light beams from two different laser chips.

[0088] Next, the following will explain a relationship between a polarization direction and the complex PBS. One
characteristic thereof will be discussed. For example, the PBS surface 25A has a polarization characteristic that it
transmits almost 100 % of P polarized light and reflects almost 100 % of S polarized light with respect to both light
having a wavelength of the 650 nm band from the first semiconductor laser 20 and light having a wavelength of the
780 nm band from the second semiconductor laser 21.

[0089] Further, the wave plate 26 is fixedly bonded to an upper surface of the complex PBS 25 and set to have a
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band of the first semiconductor laser 20, and as a 1/2 wave plate with respect to the wavelength of the 780 nm band
of the second semiconductor laser 21.

[0090] When playing a DVD back. light (linearly polarized light in an x dlrectlon in Figure 1) which is the P potarized
light emitted from the first semiconductor laser 20 is transmiited through the PBS surface 25A and changed into cir-
cularly polarized light at the 1/4 wave plate 26, thereafter being incident onto the optical disk BA.

{0091] Returning light is incident again onto the 1/4 wave plate 26, and changed into linearly polarized light in a 'y
direction (S polarized light) so as to be reflected at the PBS surface 25A and the reflector surface 25B. The reflected
light is then incident onto the first hologram element 23 and focused on the photosensor 27.

[0092] Consequently, since all the returning light from the optical disk 6A can be guided to the photosensor, optical
utilization efficiency can be improved greatly.

[0093] Further, when playing a CD back, tight (linearly polarized light in the x direction in Figure 1) which is the P
polarized light emitted from the second semiconductor laser 21, similarly, is transmitted through the PBS surface 25A
and changed into S polarized light (linearly polarized light in the y direction in Figure 1) at the 1/2 wave plate 26,
thereafter being incident onto an optical disk 6B. .

[0094] Returninglightis incident again onto the 1/2 wave plate 26 and restoredto the original P polarized light (linearly
polarized light in the x direction in Figure 1), then, transmitted through the PBS surface 25A so as 1o be incident onto
the second hologram element 24. Thereafter, the incident light is partially diffracted and focused on the photosensor 27.
[0095] Further, another characteristic of the relationship between the polarization direction and the complex PBS will
be discussed. For example, the PBS surface 25A has a polarization characteristic as follows: with respect to the light
having the wavelength of the 650 nm band from the first semiconductor laser 20, the PBS surface 25A transmits almost
100 % of P polarized light and reflects almost 100 % of S polarized light; and with respect to the light having the
wavelength of the 780 nm band from the second semiconductor laser 21, the PBS surface 25A transmits almost 100
% of both the P and S polarized light.

'[0096] Further, the wave plate 26 is set to have a thickness which generates a phase difference to act as the 1/4

wave plate with respect to the wavelength of the 650 nm band of the first semiconductor laser 20. A phase difference
is arbitrary with respect to the wavelength of the 780 nm band of the second semiconductor laser 21.

[0097]) For example, when playing a DVD back, P polarized light (linearly polarized light in the x direction in Figure
1) emitted from the first semiconductor laser 20 is transmitted through the PBS surface 25A and changed into circularly
polarized light at the 1/4 wave plate 26, thereafter being incident onto the optical disk 6A.

{0098] Returning light is incident again onto the 1/4 wave plate 26 and changed into linearly polarized light in the y

direction (S polarized light), then, reflected at the PBS surface 25A and the reflector surface 25B. The reflected light

is then incident onto the first hologram element 23, thereafter being focused on the photosensor 27.

[0099] Accordingly, since all the returning light from the optical disk 6A can be guided to the photosensor, optical
utilization efficiency can be improved greatly.

[0100] Further, when playing a CD back, P polarized light (linearly polarized light in the x direction in Figure 1) emitted
from the second semiconductor laser 21, similarly, is transmitted through the PBS surface 25A and changed into el-
liptically polarized light (because of an arbitrary phase difference) at the wave plate 26, thereafter being incident onto
the optical disk 6B. '

[0101] Returning light is incident again onto the wave plate 26 and changes its polarization state. However, the PBS
surface 25A transmits the light of any wavelength emitted from the second semiconductor laser 21, and all the returning
light can thereby be incident onto the second hologram element 24. The incident light is then partially diffracted and
focused on the photosensor 27.

[0102] inthe integrated laser unit 10 according to the present embodiment, both of the two different characteristics
of the relationship between the polarization direction and the complex PBS can be utilized.

[0103] Next, the following will explain the structures and characteristics (wavelength selectivity) of the diffraction
grating 22, and the first and second hologram elements 23 and 24. The diffraction efficiency of a rectangular hologram
will be shown in Figures 4 and 5.

[0104]) The diffraction efficiency of the rectangular-hologram having the same groove width and the land wndth can
be given as follows:

when tis a groove depth, A is a wavelength, and n is a refractive index of the transparent substrate,

Oth order diffraction efficiency (transmissivity) ng = (cosA¢)2
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w

+1st order diffraction efficiency n4 = (2/nt X sinA¢)2
therefore,
A$ = mt{n-1)/A.

[0105] Figure 4 shows a relationship between Oth/+1st order diffraction efficiency and a groove depth when wave-
lengths are 650 nm and 780 nm. Further, Figure 5 shows a relationship between the product of Oth order diffraction
efficiency and t1st order diffraction efficiency (reciprocating utilization efficiency) and a groove depth. Here, assume
that hologram glass is a quartz having n= 1.457 (AL = 650 nm), and n = 1.454 (A = 780 nm).

[0106] The three-beam diffraction grating 22 having a groove depth of about 1.4 pm will be discussed referring to
Figure 4. For example, when quartz glass is adopted, with respect to the light having the wavelength of the 780 nm
band, a main beam (0th order transmissivity) is 72 %, and a sub-beam (+1st order diffraction efficiency) is 12 %, thereby
obtaining a ratio of light quantities of three beams, which is sub:main:sub = 1:6:1.

[0107] In addition, here, with respect to the light having the wavelength of the 650 nm band, the diffraction efficiency
of +1st order light is substantially 0, thereby being scarcely affective.

[0108] The second hologram element 24 requires to secure a quantity of light incident onto the photosensor 27 with
respect to the light having the wavelength of the 780 nm band. Likewise, with respect to the light having the wavelength
of the 650 nm band, the second hologram element 24 is required to secure a quantity of light incident onto the optical
disk 6, thereby setting a groove depth at about 0.35 um.

[0109] As shown in Figures 4 and 5, with respect to the light having the wavelength of the 780 nm band, Oth order
is 65 %, +1st order is 14 %, and reciprocating utilization efficiency is about 9 %, thereby securing a value of maximum
efficiency in the vicinity of 10 %. In that case, wilh respect to the light having the wavelength of the 650 nm band, Oth
order transmission decreases to about 50 %.

[0110] Since only the light having the wavelength of the 650 nm band is incident onte the first hologram element 23,
in order to secure as large a quantity of light incident onto the photosensor 27 as possible, as shown in Figure 4, a
groove depth is set at about 0.7 um, thereby attaining £1st order diffraction efficiency of about 40 %.

[0111] Note that, with regard to the light having the wavelength of the 650 nm band from the first semiconductor
laser 20, it is reduced to about 50 % by the second hologram element 24 when travelling outward. However, returning
light from the optical disk 6 is diffracted by 40 % at the first hologram element 23. Therefore, reciprocating utilization
efficiency is about 20 % in its product, thereby attaining higher efficiency than the maximum reciprocating utilization
efficiency of 10 % shown in Figure 5.

[0112] Next, the following will explain the structures of the first hologram element 23, the second hologram element
24 and the photosensor 27, and a servo signal detecting method. Figures 6(a) to 6(c) show the first hologram element
23 and the form of the light receiving element of the photosensor 27.

[0113] As shown in Figure 6(a), the hologram element 23 is split into three regions 23a to 23c by a split line 231 in
the x direction corresponding to a direction of the radius (hereinafter, "radial direction") of the optical disk 6, and by a
split line 23m in the y direction corresponding to a direction of a track (hereinafter, “track direction") of the optical disk 6.
[0114] The light receiving element is made up of a 2-division light receiving element, one half of which is a light
receiving region 27a and the other a light receiving region 27b divided by a division line 271, and four light receiving
regions 27¢ to 27f (here, respective output from the light receiving regions are referred to as Sa to Sf).

[0115] For example, when playing a DVD back, returning light from the optical disk 6A which is originally emitted
from the first semiconductor laser 20 is incident onto the first hologram element 23.

[0116] When a light beam is focused by the objective lens 5 on an information recording side of the optical disk 6A,
one of all incident beams which was diffracted at a region 23 of the hologram element 23 is focused on the division
line 271 dividing the light receiving element into halves 27a and 27b. Diffraction light in a region 23b of the hologram
element 23 is focused on the light receiving region 27c. Likewise, diffraction tight in a region 23c of the hologram
element 23 is focused on the light receiving region 27d.

[0117] When the optical disk 6A and the objective lens 5 approach each other, a resuitant state is as shown in Figure
6(b). On the other hand, when they depart from each other, a resultant state is as shown in Figure 6(c). Therefore,
using the respecilive output Sa and Sb from the light receiving regions 27a and 27b, it is possible to detect a focus
error signal (FES) according to a single knife edge method by FES = Sa - Sb.

[0118]) Further, when playing back the optical disk 6A storing pit information, a change in a signal phase difference
between the respective output Sc and Sd from the light receiving regions 27c and 27d is detected first, thereby detecting
a tracking error signal 1 (TES1) according to a phase difference (DPD) method.
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[0119] In the case of the optical disk 6A having grooves formed therein, it is possible to detect a tracking error signal
2 (TES2) according to a push-pull method by TES2 = Sc - Sd.

[0120] In addition, a stored information signal (RF signal) can be reproduced by RF = Sa + Sb + Sc + Sd.

{0121] Next, the following will explain the second hologram element 24 and the light receiving element of the pho-
tosensor 27 with reference to Figure 7. As shown in Figure 7, the hologram element 24 is split into two regions 24a
and 24b by a split line 241 in the x direction corresponding to the radial direction of the optical disk. Here, the light
receiving element is the same as the aforesaid photosensor 27.

[0122] When playing a CD back, returning light from the optical disk 6B which is onglnally emitted from the second
semiconductor laser 21 is incident onto the second hologram element 24.

[0123] When a light beam is focused by the objective lens 5 on an information recording side of the optical disk 6B,
one of all incident beams which was diffracted at a region 24 of the second hologram element 24 is focused on the

division line 271 dividing the light receiving element into halves 27a and 27b, and light diffracted at a region 24b of the '

second hologram element 24 is focused on the light receiving region 27c¢.

[0124] The light of the semiconductor laser 21 is split into a main beam and two sub-beams A and B by the three-
beam diffraction grating 22. Therefore, the sub-beam A diffracted at the regions 24a and 24b of the second hologram
element 24 is focused on the light receiving region 27f, while the sub-beam'B diffracted at the regions 24a and 24b of
the second hologram element 24 is focused on the light receiving region 27e.

[0125] A focus error signal (FES), as with the DVD, can be detected by FES = Sa - Sb.

[0126] Further, a stored informalion signal (RF signal) can be reproduced by RF = Sa + Sb + Sc.

[0127] By thus using the partially shared light receiving element for the different optlcal disks 6A and 6B, a servo
signal and an RF signal can be detected.

[0128] Next, the following will explain a pattern of another light receiving element. Figures 8 and 9 show the problem
of stray light that may possibly emerge with respect to light receiving elements 7a to 71.

[0129] The optical pickup according to the present embodiment as described referring to Figure 2 can, in principle,
completely separate optical paths of light from the two laser-light sources of different waveforms at the PBS. However,
depending on a tolerance and/or variations in wavelength with regard to separating film characteristics and wave plate
characteristics of the PBS, light which failed to be separated at the PBS and leaks in a different optical path, i.e., so-
called 'stray light' may possibly emerge.

[0130] Figure 8 shows stray light which is incident from the second hologram element 24 when the first hologram
element 23 is used to detect a signal.

[0131] As with Figure 6(a), light diffracted at the region 23a of the hologram element 23 is focused on the division
line 271 dividing the light receiving element into halves 27a and 27b, and light diffracted at the regions 23b and 23c of
the hologram element 23 are respectively focused on the light receiving regions 27c and 27d. However, part of the
light transmitted through the PBS surface 25A shown in Figure 2 is diffracted at the second hologram element 24,
thereby generating diffraction light 45a and 45b in the regions 24a and 24b, respectively.

[0132] The second hologram element 24 is designed for the light having the wavelength of the 780 nm band. There-
fore, with respect to the light having the wavelength of the 650 nm band, its diffraction angle becomes smaller than a
designed angie, and the light is focused on a position closer to a hologram than the expected position.

[0133] For example, when it is designed so that the diffraction light 45a deviates off the light receiving regions 27a
and 27b, as shown in Figure 8, the diffraction light 45a is incident onto the light receiving region 27c, thereby possibly
causing adverse effects such as noise and offset.

[0134] Further, Figure 9 shows stray light incident from the first hologram element 23 in the case of detecting a signal
in the second hologram element 24.

[0135] As with Figure 7, when a main beam and sub-beams A and B from the regions 24a and 24b of the second
hologram element 24 are focused on the primarily expected position, part of light reflected at the PBS surface 25A in
Figure 2 is diffracted at the first hologram element 23, thereby generating diffraction light beams 46a 1o 46i in the
regions 23a to 23c of the first hologram element 23.

- [0136] The first hologram element 23 is designed for the light having the wavelength of the 650 nm band. Therefore,
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with respect to the light having the wavelength of the 780 nm band, its diffraction angle becomes larger than a designed
angle, and the light is focused on a position more distant from a hologram than the expected position. In addition, since
the light is split into three beams by the diffraction grating 22 shown in Figure 2, stray light is generated from the sub-
beams.

[0137] For example, when it is designed so that the diffraction light 46a and 46c¢ deviate off the light receiving regions
27a, 27b and 27d, as shown in Figure 9, difiraction light beams 46e, 46d and 46i are respectively incident onto the
light receiving region 27c which senses the main beam, and the light receiving regions 27e and 27f which sense the
sub-beams, thereby possibly causing adverse effects.

[0138] Therefore, by using light receiving elements as shown in Figures 10 and 11, the adverse effects can be re-
moved. The light receiving elements are aligned in a row in a direction perpendicular to a direction in which the hologram
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[0139] Figure 10 shows the first hologram element 23 and the form of light receiving elements of a photosensor 30.
The division state of the hologram element 23 is the same as that of Figure 6(a). The light receiving elements is made
up of a 2-division light receiving element which is divided into light receiving regions 30a and 30b by a division line
301, and six light receiving regions 30c to 30h (here, respective output from the light receiving regions are referred to
as Sa to Sh).

[0140] For example, when playing a DVD back, light diffracted at the region 23a of the first hologram element 23 is
focused on the division line 301 dividing the light receiving element into the light receiving regions 30a and 30b. The
light diffracted at the region 23b of the first hologram element 23 is focused on the light receiving region 30c¢, and the
light diffracted at the region 23c of the first hologram element 23 is focused on the light receiving region 30d. A servo
signal is detected from absolutely the same calculation described referring to Figures 6(a) to 6(c).

[0141] Next, Figure 11 shows the second hologram element 24 and the light receiving elements of the photosensor
30. As shown in Figure 11, in the case of the hologram element 24, as with Figure 7, light diffracted at the region 24a
of the second hologram element 24 is focused on the division line 301 dividing the light receiving element into light
receiving regions 30a and 30b, and light diffracted at the region 24b of the second hologram element 24 is focused on
the light receiving region 30c.

[0142] The sub-beam A diffracted at the regions 24a and 24b of the second hologram element 24 is focused on the
light receiving regions 30f and 30h, respectively. The sub-beam B diffracted at the regions 24a and 24b of the second
hologram element 24 is focused on the light receiving regions 30e and 30g, respectively.

[0143] Afocus error signal (FES), as with the DVD, can be detected by FES = Sa - Sb.

[0144]) Further, a tracking error signal 3 (TES 3), accordlng to the three-beam method, can be detected by TES 3 =
(Sf + Sh) - (Se + Sg).

[0145] Further, a stored information signal (RF signal) can be reproduced by RF = Sa + Sb + Sc.

[0146] By thus aligning light receiving elements in a row, an adverse effect of stray light from the other hologram
element can be removed.

[0147] Next, the following will explam a method for controlling generation of an FES offset due to variations in wave-
length. In'FES detection utilizing diffraction light by a hologram element and the like, a variation in wavelength of a
light source causes a diffraction angle to change, then, a beam position on the light receiving element shifts, thereby
causing a phenomenon of an offset. '

[0148] A popular method for correcting the offset is such that, for example, an angle is added to a direction of the
division line of the 2-division light receiving element and in a diffracting direction of a beam. In the present embediment,
in order to detect an FES, which is caused by diffraction light from the two hologram elements, by the shared 2-division
light receiving element, variations in wavelength of both light beams should be corrected.

(0149) InFigure 12(a), in order to correct an adverse effect of variations in wavelength of light from the first hologram
element 23 first, a focusing position of the diffraction light from the region 23a of the first hologram element 23 is shifted
into a positive y direction by a quantity L1.

[0150] This produces an angle between a diffracting direction k and the d|V|S|on line 271. Therefore, there occurs no
difference in output between the light receiving regions 27a and 27b even when variations in wavelength cause a beam
to shift, thereby generating no offset in an FES according to the single knife edge method.

[0151] Figure 12(b) shows light from the second hologram element 24. In order to achieve the same effect as above,
it is effective to use a semicircular beam from the region 24a of the second hologram element 24 so as to generate an
FES according to the single knife edge method.

[0152]) According to the single knife edge method, an FES can be detected by using either of leISIOI’\ patterns of the
regions 24a and 24b of the second hologram element 24. However, in the case where a focusing position, that is, a
position. of the division line 271 is shifted into the positive y direction, only the use of the semicircular beam from the
region 24a of the second hologram element 24 is effective in the cancellation of the FES offset due to variations in
wavelength.

[0153] An optimum value of the shift quantity L1 can be calculated by controlling distances L2 and L3 between a
focusing point and the center of a hologram. ]

[0154] Further, in Figure 13(a), in order to correct an adverse effect of variations in wavelength of light from the first
hologram element 23, the division line 271 on which the diffraction light from the region 23a of the first hologram element
23 is focused is tilted by a quantity .

[0155] This prevents occurrence of a difference in output between the light receiving regions 27a and 27b even when
variations in wavelength cause a beam to shift, thereby generating no offset in an FES according to the single knife
edge method.

[0156] Figure 13(b) shows light from the second holegram element 24. In order to achieve the same effect as above,
unlike the case of Figure 12(b), as shown in Figure 13(b), it is necessary to use a semicircular beam from the region
24b of the second hologram element 24. An optimum value of the tilt angle 8 can be calculated by controlling the
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distances L2 and L3 between a focusing point and the center of a hologram.

[0157] As discussed, even when adopting the light receiving element common to the both two hologram elements
23 and 24, an offset by variations in wavelength of an FES due to diffraction light from the hologram elements 23 and
24 can be corrected. '

[0158] Note that, in Figures 7 and 11, the three-beam method has been adopted in TES detection for a CD; however,
a method is not limited to this, and it is possible to detect a TES according to a differential push-pull (DPP) method
which also uses three beams. This method is used in a recording/playback pickup optical system for CD-Rs, etc.
[0159] Figures 14 and 15 show hologram elements and the light receiving elements of a photosensor 31. Figure 14
shows the first hologram element 23 and the form of the light receiving elements of the photosensor 31. As shown in
Figure 14, the hologram element 23 is divided into three regions as with Figure 6(a). The light receiving elements is
made up of a 2-division light receiving element which is divided into light receiving regions 31a.and 31b by a division
line 311, and six light receiving regions 31c to 31h (here, respective output from the light receiving regions are referred
to as Sa 1o Sh). '

[0160] For example, when playing a DVD back, light diffracted at the region 23a of the hologram element 23 is
focused on the division line 311 dividing the light receiving element into the light receiving regions 31aand 31b. Likewise,
light diffracted at the region 23b of the hologram element 23 is focused on the light receiving region 31c, and light
diffracted at the region 23c of the hologram element 23 is focused on the light receiving region 31d. A servo signal and
an RF signal can be calculated by the absolutely the same calculation described referring to Figures 6(a) to 6(c).
fo161] Next, Figure 15 shows the second hologram element 24 and the light receiving elements of the photosensor
31. As shown in Figure 15, the hologram element 24 is split into three regions 24a to 24c by a split line 241 in the x
direction corresponding to the radial direction of the optical disk and a split line 24m in the y direction corresponding
to the track direction. '

[0162] When playing a CD back, light diffracted at the region 24a of the second hologram element 24 is focused on
the division line 311 dividing the light receiving element into the light receiving regions 31a and 31b. Likewise, light
diffracted at the region 24b of the second hologram element 24 is focused on the light receiving region 31d, and light
diffracted at the region 24c¢ of the second hologram element 24 is focused on the light receiving region 31c.

[0163] Since light from the second semiconductor laser 21 is split into a main beam and two sub-beams A and B by
the three-beam diffraction grating 22, the sub-beams A and B diffracted at the region 24c of the second hologram
element 24 are respectively focused on the light receiving regions 31f and 31e. The sub-beams A and B diffracted at
the region 24b of the second hologram element 24 are respectively focused on the light receiving regions 31h and 31g.
[0164] A focus error signal (FES), as with the DVD, can be detected by FES = Sa - Sb.

[0165] Further, a tracking error signal 4 (TES 4) can be detected according to the differential push-pull (DPP}) method
using push-pull signals TES 5, TES (A) and TES (B) of the main beam and the sub-beams A and B, respectively, by

TES 4 TES 5 - k - (TES (A) + TES (B))

(Sa - 8b) -k - ((Sh - sSg) + (Sf - Se)).

[0166] Here, a coefficient k is provided to correct a difference in light intensity between the main beam and sub-
beams. Accordingly, when a ratio of intensity is the main beam: sub-beam A: sub-beam B = a:b:b, the coefficient k =
a/(2b).

[0167] Further, a stored information signal (RF signal) can be reproduced by RF = Sa + Sb + Sc + Sd.

[0168] Next, the following will explain the hologram elements and the control of the complex PBS. Explained first will
be the offset control of an FES that is important in the assembly control of the integrated laser unit 10.

[0169] Figure 16 is a three-dimensional view of the integrated laser unit 10 shown in Figure 2. In this unit, the sem-
iconductor lasers 20 and 21, and the photosensor 27 are fixedly located at a predetermined position on a stem, which
is not shown, within the laser package 28. On an upper surface of the laser package 28 are stacked the transparent
substrate 29 having holograms 23, 24 and the diffraction grating 22 formed therein and complex PBS 25. The control
is performed by parallel shifts in the X and Y directions and rotation around a central Z axis in a 6 direction, within a
plane (within a plane XY) which is perpendicular to an emission light axis.

[0170) Control procedures will be explained briefly. First, the second semiconductor laser 21 is caused to emit light,
and when returned, the returning light is diffracted at the second hologram element 24, thereby performing control in
a state that the thus diffracted light is guided to the photosensor 27. In that case, in order that the FES offset becomes
zero, the transparent substrate 29 (i.e, the second hologram element 24) is controfied by rotation in the 8 direction
around an optic axis O which is shown in figure 16, while controlling positions in the X and Y directions so that the
center of the beam and the center of the hologram coincide.

"
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[0171] Here. the returning light is only transmitted through the PBS surface 25A of the complex PBS 25. Therefore,
a beam over the photosensor 27 is not affected regardless of whether the complex PBS 25 is rotated together with the
transparent substrate 29 or fixed without being rotated. .

[0172] Next, after the transparent substrate 29 is fixedly bonded to the laser package 28, the first semiconductor
laser 20 is caused to emit light, and the returning light is reflected at the reflector surfaces 25A and 25B of the complex
PBS and diffracted at the first hologram element 23, thereafter guiding the thus diffracted light to the photosensor 27.
[0173] Since the transparent substrate 29 is controlied by rotation when controlling the second semiconductor laser
21, the position of the first hologram element 23 deviates from the primary position accordingly. Therefore, next, the
same control by rotation in the 8 direction around the optic axis O is performed with respect to the complex PBS 25,
thereby controlling the FES offset to zero.

[0174] Here. the control of the parallel shifts of the complex PBS 25 into the X and Y directions is not affected by the
[0175] As described, with respect to beams from the two semiconductor lasers 20 and 21, the position control over
the photosensor 27 can be performed independently and separately. Accordingly, even when there are tolerances in
the positional relationship between laser chips or in the position and/or the angle of the laser package 28, the photo-
sensor 27, the hologram efements 23 and 24, and/or the complex PBS 25, an optimum servo error signal can be
obtained by the control. :

[0176] Furthermore, the FES offset control will be explained in detail with reference to Figures 17 to 20. Figures 17
to 20 schematically show positional retationships among the hologram elements 23 and 24, and the light receiving
regions 30a to 30h, where the hologram elements and the light receiving elements are the same as those shown in
Figure 11. \

[0177] Figure 17 shows the returning light of the second semiconductor laser 21, where, one of the returning light
beams 43 diffracted at a semicircular region 24a of the hologram element 24 is directed to a point in the vicinity of the
division line 301 on an FES detecting 2-division light receiving element. '

[0178] However, since component errors, etc., cause a relative position among the hologram, the laser chip and the
light receiving elements to deviate from a designed value in a range of atolerance, the position of the beam deviates
off the division line, and/or deviates from the focusing state, thereby upsizing the beam.

[0179] Accordingly, as shown in Figure 18, in order that the FES offset becomes zero in that state, the hologram
element 24 is rotated so that diffraction light from the region 24a is directed to the division line 301, thereby reducing
the FES offset to zero.

[0180] Next, the control of light from the first semiconductor laser 20 will be explained with reference to Figures 19
and 20. Figure 19 shows a state in which returning light from the second semiconductor laser 21 is controlled, where
the first hologram element 23 is shifted from the primary position (indicated by the dotted line).

[0181] Accordingly, the center of the returning light 42 reflected at the complex PBS 25 deviates from the center of
the first hologram element 23. Further, light diffracted at the region 23a of the first hologram element 23 for the FES
detection deviates off the division line 301 of the FES detecting 2-division light receiving element, or deviates from the
focusing state, thereby upsizing the beam.

[0182]) Therefore, in order that the FES ofiset becomes zero in that state, the complex PBS 25 is rotated around the
optic axis O this time. This shifts a beam on the hologram 23 as shown in Figure 20, that is, shifts the position of the
beam on the iight receiving element so as to control diffraction light from the region 23a of the first hologram element
23 to be directed to the division line 301, thereby reducing the FES offset to zero.

[0183] Note that, in the embodiment above, explanation has been made through the case where a red laser of a 650
nm band is adopted as the first semiconductor laser 20, and an infrared laser of a 780 nm band is adopted as the
second semiconductor laser 21; however, the present invention is not limited to that case and is also applicable to the -
case where laser sources of two different wavelengths including a blue laser of a 400 nm band is adopted.

[0184] Next, the following will describe a Second Embodiment of the present invention with reference to Figures 21
to 29. Note that, the same postions as those pertaining to the First Embodiment will be given the same reference
symbols, and explanation thereof will be omitted here.

[0185] (nthe First Embodiment, as shown in Figures t and 2, the second hologram element 24 was provided in the
middle of the outward travel paths of light beams 40 and 41 respectively emitted from the first and second semiconductor

. lasers 20 and 21 with respect to the optical disk 6. This arrangement involves a problem of the large loss of a quantity
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of light incident onto the optical disk 6 because unwanted +1st order diffraction light is generated by the second holo-
gram element 24 even in the outward travel paths. Further, in respect of light of a second wavelength, a quantity of
light incident on the photosensor 27 is determined by the product of the Oth order diffraction efficiency and the +1st
order diffraction efficiency of the second hologram element 24, thereby making it difficult to increase a quantity of
detection light. The Second Embodiment of the present invention is the invention to solve such problems.

[0186] Figures 21 and 22 are schematic views of an optical pickup according to the present embodiment. Here, the
optical pickup is arranged as with Figure 1 andthe First Embodiment above except for the configuration of the integrated
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laser unit 10, and detailed explanation of the optical pickup will be omitted. An integrated laser unit 10 will be explained
with reference to Figure 21.

[0187} The integrated laser unit 10 accordmg to the present embodiment includes a first semnconductor laser 20, a
second semiconductor laser 21, a three-beam diffraction grating 22, a complex PBS 25, awave plate 26, afirst hologram
element 23, a second hologram element 24, and a light receiving element 27. The first semiconductor laser 20 which
starts oscillating when a wavelength of laser light is in a 650 nm band and the second semiconductor laser 21 which
starts oscillating when a wavelength of laser light is in a 780 nm band are adjacently disposed. The three-beam dif-
fraction grating 22 causes emergence of three beams for tracking control. The complex PBS 25 has a polarization
beam splitter surface 25A and a reflector surface 25B. The first hologram element 23 diffracts a light beam of the first
semiconductor laser 20 and guides the diffracted light beam to the light receiving element 27, and the second hologram
element24 diffracts a light beam of the semiconductor laser 21 and guides the diffracted lightbeamto the light receiving
element 27. )

[0188] Further, the first hologram element 23 is formed on a transparent substrate 291, to which it is fixedly bonded
integrally with the complex PBS. The second hologram element 24 is formed on an upper side of atransparent substrate
292. The structures of light sources of the optical pickup are the same as those described in the First Embodiment with
reference to Figure 3, thereby omitting explanation thereof here.

[0189] Next, the following will explain a method for playing back different optical disks. Since this is basically the
same as the First Embodiment, the function of the integrated laser unit 10 alone will be explained here.

[0190] For example, when playing back a DVD having a plate thickness of 0.6 mm, a light beamn 40 emitted from the
first semiconductor laser 20 of the 650 nm band is transmitted through the diffraction grating 22, then further transmitted
through the polarization beam splitter surface 25A of the complex PBS 25 and the wave plate 26, thereafter being
focused on an optical disk 6A having a plate thickness of 0.6 mm by a collimator lens 11 and an objective lens 5.
[0191] Further, returning light is reflected at the polarization beam splitter surface 25A and the reflector surface 258,
thereafter being diffracted at the first hologram element 23, transmitted through the second hologram element 24, then,
focused on a photosensor 27.

[0192] Meanwhile, when playing back a CD having a plate thlckness of 1.2 mm, a light beamn 41 emitted from the
second semiconductor laser element 21 of the 780 nm band is split into three beams by the diffraction grating 22. The
split beams are.transmitted through the polarization beam splitter surface 25A of the complex PBS 25 and the wave
plate 26, thereafter being focused on an optical disk 6B having a plate thickness of 1.2 mm by the collimator lens 11
and the objective lens 5.

[0193] Further, returning light is reflected at the polarization beam splitter surface 25A and the reflector surface 258,
thereafter being transmitted through the first hologram element 23, diffracted at the second hologram element 24, then,
focused on the photosensor 27.

[0194] Here, the same function of the three-beam diffraction grating 22 as with the First Embodiment is utilized.
[0195] Itis desirable that the first hologram element 23 is set to have a groove depth such that +1st diffraction
efficiency is high with respect to the light of the wavelength of the first semiconductor laser 20, and Oth order efficiency
is high with respect 1o the light of the wavelength of the second semiconductor laser 21. On the contrary, it is desirable
that the second hologram element 24 is set to have a groove depth such that +1st diffraction efficiency is high with
respectto the light of the wavelength of the second semiconductor laser 21, and Oth order efficiency is high with respect
to the light of the wavelength of the first semiconductor laser 20.

[0196] Further, though respective diffraction angles of the hologram elements increase, it is possible to ease the
above conditions of the groove depths. For example, as shown in Figure 22, it may be arranged such that the second
hologram element 24 is formed on a lower side of the transparent substrate 292 so that the light of the first semicon-
ductor laser 20 diffracted at the first hologram element 23 is prevented from passing through the second hologram
element 24.

[0197] A polarization characteristic of the PBS surface 25A of the complex PBS 25 is such that, as with the example
inthe First Embodiment, 100 % of P polarized light is transmitted and substantially 100 % of S polarized light is reflected
in both cases of the light from the first semiconductor laser 20 having the wavelength of the 650 nm band and the light
from the second semiconductor laser 21 having the wavelength of the 780 nm band.

[0198] Further, the wave plate 26 is fixedly bonded to an upper side of the complex PBS 25 and set to have a thickness
which generates a phase difference to act as a 1/4 wave plate with respect to both the light from the first semiconductor
laser 20 having the wavelength of the 650 nm band and the light from the second semiconductor laser 21 having the
wavelength of the 780 nm band.

[0199] Accordingly, respective P polarized light (Imearly polarized light in the x direction in Figure 1) 40 and 41 emitted
from the both light sources is all changed into circularly polarized light at the 1/4 wave plate 26, thereafter being incident
on the optical disk 6A. The returning light is incident again on the 1/4 wave plate 26 so as to be changed into linearly
polarized light in the y direction (S polarized light). The linearly polarized light is reflected at the PBS surface 25A and
the reflector surface 25B, thereafter being incident on each of the hologram elements 23 and 24.
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[0200] Notethat, the structures of the first hologram element 23 and the photosensor 27, and the method for detecting
a servo signal as explained with reference to Figures 6,7, 10, 11, 14 and 15 are applicable, thereby omitting explanation
thereof here. In addition, the absolutely the same detection method adopted in the First Embodiment is applicable to
the second hologram element 24 here, except for its location within an optical path from the first hoiogram element 23
to the photosensor 27, thereby omitting explanation here.

[0201] Next. the control of the hologram elements will be explained. in addition, as with the First Embodiment, the
FES offset control will be explained. However, since they are the same as those described in the First Embodiment,
explanation will be made briefly here.

[0202] First, the first semiconductor laser 20 is caused to emit light, and the returning light is diffracted at the first

hologram element 23 and guided to the photosensor 27, thereafter performing control in that state. In order that the
FES offset here becomes zero, the transparent substrate 291 (i.e., the first hologram element 23) to which the complex
PBS 25 is integrally and fixedly bonded is controlled by rotation in the 8 direction shown in Figure 16, while controlling
the positions in the x and y direction so that the center of a beam and the center of a hologram coincide.

[0203] In that case, since the light 42 is only transmitted through the second hologram element 24, the position of
the transparent substrate 292 is not affected.

[0204] Further, the second semiconduclor laser element 21 is caused to emit light while fixing the position of the
transparent substrate 291 to which the complex PBS 25 is integrally and fixedly bonded. The returning light is diffracted
at the second hologram element 24, thereafter guiding the diffracted light to the photosensor 27. Since the complex
PBS 25 has been optimized for the first semiconductor laser 20 together with the first hologram element 23, the complex
PBS 25 may not ideally be suited to the light of the second semiconductor laser 21.

[0205] Accordingly, in orderto reduce the FES offset to zero, the transparent substrate 292 (i.e ., the second hologram .

element 24) is controlled by rotation in the 8 direction, while controlling the positions in the x and y directions so that
the center of a beam and the center of a hologram coincide. 4

[0206] As described, it is possible to control the positions of beams respectively from the two semiconductor lasers
20 and 21 over the photosensor 27 independently and separately. This makes it possible to obtain an optimum servo
error signal by the control even when there are tolerances in the positional relationship between laser chips, or in the
position or angle of the laser package 28, the photosensor 27, the hologram elements 23 and 24, and/or the complex
PBS 25.

[0207] Meanwhile, unlike the First Embodiment, the hologram element 24 is not provided in the middle of an outward
travel path. Therefore, any unwanted diffraction light is not generated in the outward travel path, thereby increasing a
quantity of emission light from the objective lens 5. Moreover, providing the hologram elements 23 and 24 only in a
return travel path enables diffraction efficiency to be set high, thereby increasing a quantity of detected light. This
arrangement is particularly effective to a recording optical pickup which requires a larger quantity of emission light from
the objective lens.

[0208] Next, the following will explain details of another configuration according to the Second Embodiment of the
present invention, with reference to Figure 23. Note that, the same portions as those of the above configuration of
Figure 21 will be given the same reference symbols, and explanation thereof will be omitted here.

[0209] In the integrated laser unit 10 of Figures 21 and 22, in the case of controlling the first and second hologram
elements 23 and 24, the complex PBS 25 and the first hologram element 23 on the upper side are first controlled
integrally. Thereafter, the second hologram element 24 on the lower side should be controlled while fixing the complex
PBS 25 and the first hologram element 23 thus integrally controlled lest they should move. However, such control
poses problems in terms of fabrication that devices such as controlling tools become complicated, and stricter accuracy
is demanded. Therefore, a configuration to solve these problems will be described below.

[0210] Figure 23 shows an integrated laser unit 10 having another configuration according to the present embodi-
ment, which differs from the integrated laser unit 10 of Figure 21 in a way that the complex PBS 25 of Figure 21 is
separated into a first complex PBS 251 and a second complex PBS 252.

[0211] The first complex PBS 251 has a polarization beam splitter (PBS) surface 251A, a polarization characteristic
of which is such that it transmits substantially 100 % of P polarized light and reflects substantially 100 % of S polarized
light with respect to the first semiconductor laser 20 of the 650 nm band. In addition, with respect to the second sem-
iconductor laser 21 of the 780 nm band, the PBS surface 251A has such a polarization characteristic as to transmit
substantially 100 % of both the P and S polarized light.

[0212] The second complex PBS 252 has a polarization beam splitier (PBS) surface 252A having such a polarization
characteristic as to transmit substantially 100 % of P polarized light and reflect substantially 100 % of S polarized light
at least with respect to the second semiconductor laser 21 of the 780 nm band. With respect to the first semiconductor
laser 20 of the 650 nm band, it has such a polarization characteristic to transmit substantially 100 % of both the P and
S polarized light.

[0213] Further, the wave plate 26 is fixedly bonded to an upper surface of the complex PBS 251 and is set to have
a thickness which generates a phase difference acting as a 1/4 wave plate with respect to both wavelengths of the
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first semiconductor laser 20 of the 650 nm band and the second semiconductor iaser 21 of the 780 nm band.

[0214] The first hologram element 23 is formed on the transparent substrate 291, which diffracts a light beam of the

first semiconductor laser 21 so as to guide it to the photosensor 27. The transparent substrate 291 is fixedly bonded
to a lower side of the first complex PBS 251 integrally. On the other hand, the second hologram element 24 is formed
on the transparent substrate 292, which diffracts a light beam of the second semiconductor laser 21 so as to guide it
to the light receiving element 27. The transparent substrate 292 is fixedly bonded to a lower side of the second complex
PBS 252 integrally.

[0215] Note that, the structures of the first and second hologram elements 23 and 24 and the photosensor 27, and
the method for detecting a servo signal are the same as those of Figures 21 and 22, thereby omitting explanation
thereof here. '

[0216] Next, the following will explain the control of the hologram elements 23 and 24, First, the second semiconductor
laser 21 is caused to emit light, and the returning light is reflected at the polarization beam splitter surface 252A of the
second complex PBS 252. Thereafter, the reflected light is diffracted at the second hologram element 24 and guided
to the photosensor 27. With this state, in order to reduce the FES offsel to zero, the transparent substirate 292 (i.e.,
the second hologram element 24) to which the complex PBS 252 is integrally and fixedly bonded is controlied by
rotation in the © direction, while controlling the positions in the x and y directions so that the center of a beam and the
center of a hologram coincide.

[0217] Here, the returning light 43 of the second semiconductor laser 21 does not affect the positions of the first
hologram element 23 and the complex PBS 251.

[0218] Further, the transparent substrate 292 to which the complex PBS 252 is integrally and fixedly bonded is further
fixedly bonded to the laser package 28. Thereafter, the first semiconductor laser element 20 is caused to emit light,
the returning light 42 is reflected at the polarization beam splitter surface 251A of the first complex PBS 251. Thereafter,
the reflected light is diffracted at the first hologram element 24 and guided to the photosensor 27. As above, in order
to reduce the FES offset to zero, the transparent substrate 291 (i.e., the first hologram element 23) is controlled by

‘rotation in the @ direction, while controlliing the positions in the x and y directions so that the center of a beam and the

center of a hologram coincide. .

[0219] As described, it is possible to control the positions of beams respectively from the two semiconductor lasers
20 and 21 over the photosensor 27 independently and separately. This makes it possible to not only attain the same
effect as with the integrated laser unit 10 of Figure 21 but also control and fix the lamination of a plurality of complex
PBSs 251 and 252 and the hologram elements 23 and 24 in a upward séquence from the bottom on a cap of the laser
package 28, thereby improving mass productivity of the integrated laser unit 10.

[0220] The following will describe another embodiment capable of attaining the same effect as above, configurations
of which are shown in Figures 24 to 29. ’

[0221] In an integrated laser unit 10 of Figure 24, first and second holograms 231 and 241 in the integrated laser
unit of Figure 23 are formed as reflective hologram elements on a reflector surface 251B of the comnplex PBS 251 and
a reflector surface 252B of the second complex PBS 252, respectively.

[0222] Further, the three-beam diffraction grating 22 is formed on a polarization beam splitter surface 252A of the
second complex PBS 252. This enables the transparent substrates 291 and 292 of Figure 23 to be eliminated, thus
reducing the number of components.

[0223] Note that, the control of the first and second hologram elements 231 and 241 is the same as that of the first
and second hologram elements 23 and 24 of Figure 23.

[0224]) An integrated laser unit 10 of Figure 25 adopts the complex PBS 25 having the polarization beam splitter
surfaces 251A and 252A in the integrated laser unit 10 of Figure 23. In addition, the reflector surface 25B has such a
characteristic as to reflect substantially 100 % of light from the first semiconductor laser 20 of the 650 nm band and
transmit light from the second semiconductor laser 21 of the 780 nm band.

[0225] The first hologram element 23 is formed on the transparent substrate 2391. On the other hand, the ‘reflective’
second hologram element 241 is formed on the transparent substrate 292. The transparent substrate 292 is disposed
on the reflector surface 258 so that the second hologram element 241 faces the reflector surface 25B of the complex
PBS 25.

[0226] Next, the control of the hologram elements 23 and 241 will be explained. First, with respect to the first sem-
iconductor laser 20, in order to reduce the FES offset to zero, the complex PBS 25 and the transparent substrate 291
(i.e., the first hologram element 23) are controlled by rotation in the 8 direction, while controlling the positions in the x
and y directions so that the center of a beam and the center of a hologram coincide. Further, after fixedly bonding the
complex PBS 25 to the laser package 28, with respect to the second semiconductor laser 21, in order to reduce the
FES offset to zero, the transparent substrate 292 (i.e., the second hologram element 24 1) is controlled by rotation and
parallel shift on the reflector surface 25B.

[0227] An arrangement as shown in Figure 24 requires a complicated fabrication step 1o incorporate a hologram
element into the polarization beam splitter surface of the complex PBS 25. In contrast, in the arrangement of Figure
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25, the second hologram element 241 can be fabricated on the 'plane' transparent substrate 292, thereby improving
mass productivity of the complex PBS 25.

{0228] An integrated laser unit 10 of Figure 26 is provided with a complex PBS 25, a configuration of which is a slight
modification of that of the complex PBS 25 in the integrated laser unit 10 of Figure 25. in the present complex PBS
25, the polarization beam splitter surface 25A has such a characteristic as to transmit substantiatly 100 % of P polarized
light and reflect substantially 100 % of S polarized light with respect to the first semiconductor laser 20 of the 650 nm
band and the second semiconductor laser 21 of the 780 nm band. Further, the polarization beam splitter (PBS) surface
25B has such a characteristic as to at least reflect substantially 100 % of S polarized light with respect to the light of
the first semiconductor laser 20 and at least transmit substantially 100 % of S polarized light with respect to the light
of the second semiconductor laser 21. Further, a reflector surface 25C has such a characteristic as to at least transmit
substantially 100 % of S polarized light at least with respect to the light of the second semiconductor laser 21.

[0229] The first hologram element 23 is fonmed on the ransparent substrate 291. On the other hand, the 'reflective’
second hologram element 241 is formed on the transparent substrate is formed on the transparent substrate 292. The
transparent substrate 292 is provided on the reflector surface 25C of the complex PBS 25. The control of the hologram
elements is the same as that of Figure 25, thus attaining the same effect.

[0230] The respective integrated laser units 10 of Figures 27 and 28 are provided with acomplex PBS, a configuration
of which is a further simplification of the configuration of the complex PBS 25 in the integrated laser unit 10 of Figure
26. In the present complex PBS 25, a reflector surface 25D is on common ground with the PBS surface 25B and the
reflector surface 25C of the complex PBS 25 shown in Figure 26. The reflector surface 25D has such a characteristic
as to reflect substantially 100 % of S polarized light with respect to the first semiconductor laser 20 of the 650 nm band
and transmit substantially 100 % of S polarized light with respect to the second semiconductor laser 21 of the 780 nm
band. The firsthologram element 23 on one hand is formed on the transparent substrate 291, and the 'reflective' second
hologram element 241 on the other hand is formed on the transparent substrate 292. The transparent substrate 292
is provided on the reflector surface 25D of the complex PBS 25.

[0231] Inthe integrated laser unit 10 of Figure 27, the second hologram element 241 being a reflective hologram is
formed on one side of the transparent substrate 292 in contact with the reflector surface 25D of the complex PBS 25.
In contrast, in the integrated laser unit 10 of Figure 28, the second hologram element 241 is formed on one side of the
transparent substrate 292 opposing the side in contact-with the reflector surface 25D. Compared to the configuration
of Figure 27, the configuration of Figure 28 more easily allows spatial separation between the returning light 42 of the
first semiconductor laser 20 and the returning light 43 of the second semiconductor laser 21, and allows each of the
diffraction gratings of the hologram elements 23 and 241 to have a larger pitch, thereby improving mass productivity
of the integrated laser unit 10.

[0232] Further, in an integrated laser unit 10 of Figure 29, a transmissive’ second hologram element 24 is adopted
instead of the second hologram element 241 according to the configuration of Figure 27. A reflector surface 292B of
the transparent substrate 292 having the second hologram element 24 formed thereon reflects the light which was
transmittedthrough atransmission surface 292 A of the transparent substrate 292 and diffracted at the second hologram
element 24, thereafter guiding the diffracted light to the photosensor 27. With this arrangement, not only a reflective
hologram but also a transmissive hologram can be adopted in combination with the simplified complex PBS 25 having
the reflector 25D.

[0233] Note that, the control of the hologram elements are the same as that of Figure 25, thus attaining the same
effect.

[0234] Next, the following will describe in detail a Third Embodiment according to the present invention with reference
to Figures 30 to 34. Note that, the same portions as those pertaining to the First Embodiment will be given the same
reference symbols, and explanation thereof will be omitted here.

[0235] Figures 30 and 31 are schematic diagrams showing an optical pickup according to the presem embodiment.
The optical pickup has the same configuration as with the First Embodiment above described referring to Figure 1
except for the configuration of the integrated laser unit 10, thereby omitting detailed explanation of the optical pickup
here. The following will explain the present integrated laser unit 10 with reference to Figure 31.

[0236] The integrated laser unit 10 according to the present embodiment is made up of a first semiconductor laser
20, a second semiconductor laser 21, a three-beam diffraction grating (wavelength selecting diffraction grating) 32, a
first hologram element 33, a second hologram element 34, transparent substrates 35 and 36, and a photosensor 37.
[0237] The first semiconductor laser 20 which starts oscillating when a wavelength of laser lightis in a 650 nm band
and the second semiconductor laser 21 which starts oscillating when a wavelength of laser light is in a 780 nm band
are adjacently disposed. The three-beam diffraction grating 32 causes emergence of three beams for tracking control.
The first hologram element 33 diffracts respective light beams of the first and second semiconductor lasers 20 and 21.
Further, the second hologram element 34 difiracts only a light beam of the second semiconductor laser 21 of all the
light beams diffracted by the first hologram element 33, and guides the light beam to a light receiving element 37. The
first hologram element 33 is formed on an upper side of the transparent substrate 36. The second hologram element
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34 and the diffraction grating 32 are formed on a lower side of the transparent substrate 35.

[0238] Note that, the structures of light sources of the present optical pickup are the same as those pertaining to the
First Embodiment described with reference to Figure 3, thereby omitting explanation here.

[0239] Next, the following will explain a method for playing back different optical disks 6A and 6B. Since the method
is basically the same as that of the First Embodiment, the function of the integrated laser unit 10 alone willbe explained.
[0240] For example, when playing back a DVD having a plate thickness of 0.6 mm, a light beam 40 emitted from the

first semiconductor laser 20 of the 650 nm band is transmitted through the diffraction grating 32, and incident on the

first hologram element 33 so as to be diffracted. Of all the diffracted light, Oth order light is focused on the optical disk
6A having a plate thickness of 0.6 mm by a collimator lens 11 and an objective lens 5.

[0241] Further, the returning light is diffracted at the first hologram element 33, and transmitted through the second
hologram element 34 so as to be focused on the photosensor 37.

[0242) Meanwhile, when playing back a CD having a plate thickness of 1.2 mm, a light beam 41 emitted from the
second semiconductor laser element 21 of the 780 nm band is split into three beams by the diffraction grating 32, and
the beams are incident on the first hologram element 33 so as to be diffracted again. Of all the diffracted light beams,
Oth order light is focused on the optical disk 6B having a plate thickness of 1.2 mm by the collimator lens 11 and the
objective fens 5.

[0243] Further, the returning light is diffracted at the first hologram element 33, thereafter being further diffracted at
the second hologram efement 34 so as to be focused on the photosensor 37. Here, the functions of a wavelength
selecling aperture 12 and the three-beam difiraction grating 32 are the same as those of the wavelength selecting
aperture 12 and the three-beam diffraction grating 22 of the First Embodiment.

[0244] The first hologram element 33 is set to have a groove depth which diffracts both light having the wavelength
of the first semiconductor laser 20 and light having the wavelength of the second semiconductor laser 21. However,
since the wavelengths are difierent, diffraction angles are also different with respect to the respective light beams of
these wavelengths.

[0245] Figure 32 shows details of diffraction light. In Figure 32, of all the light diffracted at the first hologram element
33, numeral 47 denotes the light of the first semiconductor laser 20, and numeral 48 denotes the light of the second
semiconductor faser 21. The first hologram element 33 is designed to focus the light of the first semiconductor laser
20 ideally on a point Q over the photosensor 37.

[0246] in that case, diffraction light 48 of the second semiconductor laser 21 has a larger diffraction angle than
diffraction light 47. In the absence of the second hologram element 34, the diffraction light 48 follows an optical path
49, and therefore is focused on a point P which deviates from the ideal point Q over the photosensor 37.

[0247] Fortheshared use ofthe photosensor 37, focusing on the point Q is essential. Therefore, the second hologram
element 34 is provided so as to focus the diffraction light 48 on the point Q by diffracting it again.

[0248] The light of the first semiconductor laser 20 is not affected because of the use of Oth order diffraction light
(transmission light) of the second hologram element 34. As the second hologram element 34, alternatively, a wavelength
selective hologram which does not diffract the light of the first semiconductor laser 20 may be adopted.

[0249] Next, the following will explain the structures of the first hologram element 33 and the photosensor 37, and
a method for detecting a servo signal. Figures 33 and 34 respectively show the first hologram element 33 and the
forms of light receiving elements of the photosensor 37.

[0250] As shown in Figure 33, the hologram element 33 is split into three regions 33a to 33c by a split line 331 in
the x direction corresponding to the radial direction of the optical disks 6A and 6B and by a split line 33m in the y
direction corresponding to the track direction.

[0251] The light receiving elements include a 2-division light receiving element which is divided into light receiving
regions 37a and 37b by a division line 371, and eight light receiving regions 37c¢ to 37j (here, respective output form
the light receiving regions are referred to as Sa to Sj).

[0252] For example, when playing a DVD back, retuming light from the optical disk 6A, wh\ch was originally emitted
from the first semiconductor laser 20, is incident on the first hologram element 33.

[0253] When a light beam is focused on an information recording side of the optical disk 6A by the objective lens 5,
one of the incident beams diffracted at the region 33a of the first hologram element 33 is focused on the division line
371 dividing the light receiving element into the light receiving regions 37a and 37b. Likewise, light diffracted at the
region 33b of the first hologram element 33 is focused on the light receiving region 37d, and light diffracted at the region
33c of the first hologram element 33 is focused on the light receiving region 37c¢.

[0254] As to a servo signal, as with the method explained in the First Embodiment above, a focus error signal (FES)
according to the single knife edge method can be detected using Sa and Sb by FES = Sa - Sb.

[0255] Further, when playing back the optical disk 8A storing pit information, a tracking error signal 1 (TES 1) ac-
cording to the phase difference (DPD) method can be detected by detecting a change in a signal phase difference
between Sc and Sd.

[0256] (n the case of the optical disk 6A having grooves formed therein, a tracking error signal 2 (TES 2) according
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to the push-pull method can be detected by TES 2 = Sc - Sd.

[6=277  Further, a stored information signal (RF signal) can be reproduced by RF = Sa + Sb + Sc + Sd.

[6:°7t  Next. the following will explain the case of playing a CD back. Returning light from the optical disk 6B, which
w:.. = ginally emitted from the second semiconductor laser 21, is diffracted at the first hologram element 33. When
the racted light travels as it is, the light beam is incident on the optical path 49 shown in Figure 33.

[0259] Here, the same beam is diffracted by the second hologram element 34 so as to be incident on the light receiving
element of the photosensor 37 as shown in Figure 34. Light diffracted at the region 33a of the first hologram element
33 is focused on the division line 371 dividing the light receiving element into the light receiving regions 37a and 37b.

- Likewise, light diffracted-at the region 33b of the first hologram element 33 is focused on the light receiving region 37d,

and light diffracted at the region 33c of the first hologram element 33 is focused on the light receiving region 37c.
[0260] The light of the second semiconductor laser 21 is split into a main beam and two sub-beams A and B by the
three-beam diffraction grating 32. Therefore, the sub-beams A and B diffracted at the region 33a are respectively
focused on the light receiving regions 37f and 37e, and the sub-beams A and B diffracted at the region 33b of the first
hologram element 33 are respectively focused on the light receiving regions 37j and 37i. Likewise, the sub-beams A
and B diifracted at the region 33c of the first hologram element 33 are respectively focused on the light receiving regions
37h and 37g.

[0261] A focus error signal (FES), as with the DVD, can be detected by FES = Sa - Sb.

[0262] Further, a tracking error signal 6 (TES 6) according to the three-beam method can be detected by

TES 6= (Sf+Sh +Sj)-(Se+Sg+ Si).

[0263] Further, a tracking error signal 7 (TES 7) according to the differential push-pull (DPP) method can be detected
by

TES 7 = (Sd- Sc) - k - ( (Sj - Sh) + (Si - Sg)).

[0264] Here. a coefficient k is provided to correct a difference in light intensity between the main beam and sub-
beams. Accordingly, when a ratio of mtensxty is the main beam: sub-beam A: sub-beam B = a:b:b, the coefficient k =
a/(2b).

[0265] Further, a stored information signal (RF signal) can be reproduced by RF = Sa + Sb + Sc + Sd.

[0266] Next, the following will explain the control of the hologram elements. As with the First Embodiment above,
the FES offset control will be explained. The control is the same as that of the First Embodiment in prmcnple explanation
will be made briefly here.

[0267] First, the first semiconductor laser 20 is cased to emit light, and the returning light is diffracted at the first
hologram element 33, thereafter guiding the diffracted light to the photosensor 37. With this state, in order to reduce
the FES offset to zero, the transparent substrate 36 (i.e., the first hologram element 33) is controlled by rotation in the
6 direction, while controlling the positions in the x and y directions so that the center of a beam and the center of a
hologram coincide. ]

[0268]) In that case, since the light 47 is only transmitted through the second hologram element 34, the position of _
the transparent substrate 35 is not affected.

[0269] Further, after the position of the transparent substrate 36 is fixed, the second semiconductor laser 21 is caused
to emit light so as to diffract the returning light at the first hologram element 33, thereafter guiding the diffracted the
light to the second hologram element 34. Since the first hologram element 33 has been optimized with respect to the
first semiconductor laser 20, it may not ideally be suited to the light of the second semiconductor laser.

{0270] Accordingly, the transparent substrate 35 (i.e., the second hologram element 34) is controlled by rotation in
the @ direction and by parallel shifts in the x and y directions so as to control a diffraction angle of a beam 50 shown
in Figure 32, thereby reducing the FES offset to zero.

[0271] As described, it is possible to control the positions of beams from the two semiconductor lasers 20 and 21
over the photosensor 37 independently and separately. Accordingly, an optimum servo error signal can be obtained
by the control even when there are tolerances in the positional relationship between laser chips, or in the position and
the angle of the laser package 28, the photosensor 37 and the hologram elements 33 and 34.

[0272] Further, the following will explain a Fourth Embodiment according to the present invention with reference to
Figures 35 and 36. This relates to an optical pickup adopting the integrated laser unit 10 described in the First to Third
Embodiments above, and in particular a configuration to realize an optical pickup for recording and playing back CD-
Rs and CD-RWs by using a high-power laser as the second semiconductor laser 21.

[0273] The detection of a servo signal can be realized, as with the first Embodiment described with reference to
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Figure 15, by utilizing the DPP method for a TES. However, in an optical system shown in Figures 1 and 30, in order
to correct a difference in disk thickness, adopted are the wavelength selecting aperture 12 and the special objective
lens 5 having a partiaily corrected aspherical form.

[0274] In that case, for example, assuming that a NA of the collimator lens 11 is designed so as to match a DVD
system having strict focusing conditions, a virtual NA of the collimator lens 11 for a CD system becomes small due to
the wavelength selecting aperture 12. ’

[0275] Recording disks such as CD-Rs and the like require a Iarge quantity of emission light from the objective lens.
Therefore, the NA of the coliimator lens 11 is made larger than an optical pickup for playback-only CD-ROMs, thereby
improving utilization efficiency with respect to light from semiconductor laser light sources.

[0276] The optical pickups accordingto the First to Third Embodiments all adopt the integrated laser unit 10 mounting
the two adjacently disposed semiconductor lasers 20 and 21 having different wavelengths. Therefore, when using an
optical system of the CD system, the NA of the collimator lens 11 cannot be set flexibly.

[0277] Accordingly, in the present embodiment, as an optical pickup for recording and playing back CD-Rs and
CD-RWs, configurations as shown in Figures 35 and 36 are adopted.

[0278) Namely, Figure 35, as with Figure 1, shows an optical system in the case of playing a DVD back, where light
emitted from the integrated laser unit 10 is changed into parallel light by the collimator lens 11 so as to be focused on
the optical disk 6A by a DVD-only objective lens 38.

[0279] The reflected light, travelling again through the same optical components in an outward travel path, is focused
on a photosensor (ithe photosensor 27, 30, 31 or 37 described above) in the integraled laser unit 10.

[0280] On the other hand, Figure 36 shows an optical system in the case of recording and playing back CD-Rs and
CD-RWs, where, as above, light emitted from the integrated laser unit 10 is changed into parallel fight by the collimator
lens 11, thereafter being focused on the optical disk 68 by a CD-only objeclive lens 39.

[0281] The reflected light, traveliing again through the same optical components in the outward travel path. is focused
on the photosensor in the integrated laser unit 10. '

[0282] Here. by switching between the objective lenses 38 and 39, the virtual NA of the collimator lens 11 is enlarged
in the CD system. By setting an effective diameter of the CD system objective lens 39 larger than that of the DVD-only
objective lens 38, it is possible to improve optical utifization efficiency in the CD system by using the shared collimator
lens 11.

[0283] The switch between the objective Ienses 38 and 39 is realized by using a sliding-axis type two-lens actuator
44-or the like. The virtual NA of the coliimator lens is preferably set at about 0.1 in the DVD system or about 0.13 to
0.15 in the CD system.

[0284] ltis also possible to switch collimator lenses by sharing an objective lens. Switch like this, however, requires
to further provide a driving system in addition to the objective lens actuator. This increases costs, upsizes a pickup,
and further causes adverse effects such as deviation of an optic axis, thus being unrealistic for the actual use.
[0285] In the respective optical pickup optical systems shown in Figures 35 and 36, explanation has been made
through the case where the integrated laser unit 10 according to the First Embodiment of the present invention is
mounted, though not necessarily limited to this. When using the integrated laser unit 10 according to the Second
Embodiment of the present invention, for example, since a hologram element is not disposed in the middie of an cutward
travel path, it is possible to improve an efficiency of emission from an objective lens with respect to both light beams
from the first and second semiconductor laser elements 20 and 21. Consequently, this realizes not only the recording
and playback of CD-Rs and CD-RWs by the high-power second semiconductor laser 21. Namely, by additionally mount-
ing a high-power first semiconductor laser 20, it is also possible to realize the recording and playback of DVD-Rs,
DVD-RWs, DVD-RAMs and the like.

[0286] The embodiments and concrete examples of implementation discussed in the foregoing detailed explanation
serve solely to illustrate the technical details of the present invention, which should not be narrowly interpreted within
the limits of such embodiments and concrete examples, but rather may be applied in many variations within the spirit
of the present invention, provided such variations do not exceed the scope of the patent claims set forth below.

Claims

1. An optical pickup, comprising:
a first light source (20) for generating a light beam (40) having a first wavelength;
a second light source (21) for generating a light beam (41) having a second wavelength different from the first
wavelength;

a lens system (5, 11, 12) for focusing the two light beams (40, 41) on an optical disk {6);
a photosensor (27, 30, 31) for sensing reflection light beams from the optical disk (6).
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an optical path splitting element(25) for splitting optical paths of the two reflection light beams having different
wavelengths; and

first and second hologram elements (23, 24, 33, 34) for respectively diffracting at least one of the two light
beams of the different wavelengths which were  split by the optical path splitting element (25, 33), and guiding
the thus diffracted light to the shared photosensor (27, 30, 31, 37).

The optical pickup set forth in Claim 1, wherein the optical path splitting element (25) and at least one of the first
and second hologram elements (23, 24, 33, 34) are separately provided so that a position of either of the two
reflecting light beams can independently be controlled over the photosensor (27, 30, 31) by separately controliing
each of the elements.

The optical pickup set forth in Claim 1 or 2, wherein the optical path splitting element (25) is a polarization beam
splitter (25). :

The optical pickup set forth in Claim 3, wherein one of the first and second hologram elements (23, 24) is disposed
in an optical path being an outward travel path between the light sources (20, 21) and the lens system (5, 11, 12),
and the other is disposed in an optical path being a return travel path between the optical path splitting element
(25) and the photosensor through which only returning light travels.

The optical pickup set forth in Claim 4, wherein the polarization beam splitter (25) has different polarization char-
acteristics with respect to the light beam (40) of the first wavelength and the light beam (41) of the second wave-
length.

The optical pickup set forth in Claim 5, wherein the polarization beam splitter (25) has such characteristics as to
transmit substantially full P polarized light and reflect substantially full S polarized light with respect to the light
beam (40) of the first wavelength, and transmit substantially full P and S polarized light with respect to the light
beam (41) of the second wavelength.

The optical pickup set forth in Claim 6, further comprising a wave plate (26) which is disposed in the optical path
between the polarization beam splitter (25) and the lens system (5, 11, 12) so as to generate a 1/4 wavelength
phase difference with respect to the light beam (40) of the first wavelength and an arbitrary phase difference with

" respect to the light beam (41) of the second wavelength.

10.

11.

12.

13.

The optical pickup set forth in Claim 4, wherein the polarization beam splitter (25) has the same polarization char-
acteristic with respect to the light beams (40, 41) of the first wavelength and the second wavelength.

The optical pickup set forth in Claim 8, wherein the polarization beam splitter (25) has such a characteristic as to
transmit substantially full P polarized light and reflect substantially full S polarized, with respect to the light beams
(40, 41) of the first wavelength and the second wavelength.

The optical pickup set forth in Claim 9, further comprising a wave plate (26) which is disposed in the optical path
between the polarization beam splitter (25) and the lens system (5, 11, 12) so as to generate a 1/4 wavelength
phase difference with respect to the light beam (40) of the first wavelength and a 1/2 wavelength phase difference
with respect to the light beam (41) of the second wavelength.

The ‘optical pickup set forth in Claim 7 or 10, wherein the wave plate (26) is integrally and fixedly bonded to an
emission side of the polarization beam splitter (25).

The optical pickup set forth in Claim 4, wherein:
the first hologram element (23) is set to have a groove depth such that +1st order diffraction efficiency is largest
with respect to the light beam (40) of the first wavelength, and
the second hologram element (24) is set to have a groove depth such that a product of +1st order diffraction
efficiency and Oth order diffraction efficiency is largest with respect to the light beam (41) of the second wave-

length.

The optical pickup set forth in Claim 3, wherein the first and second hologram elements (23, 24) are disposed in
an optical path being a return travel path between the optical path splitting element (25) and the photosensor (5,
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11, 12) through which only returning light travels.

The optical pickup set forth in Claim 13. wherein the optical path splitting element (25) is made up of a single
polarization beam splitter {25) for splitting the reflection light beams of two different wavelengths.

The optical pickup set forth in Claim 14, wherein the polarization beam splitter (25) has the same polarization
characteristic with respect to the fight beams (40, 41) of the first wavelength and the second wavelengtt.

The optical pickup set forth in Claim 15, wherein the polarization beam splitter (25) has such a characteristic as
to transmit substantially full P polarized light and reflect substantially full S polarized, with respectio the light beams
(40, 41) of the first wavelength and the second wavelength.

The optical pickup set forth in Claim 13, wherein the optical path splitting element (25) is made up of a first polar-
ization beam splitier (251) for splitting the light beam (40) of the first wavelength, and a second polarization beam
splitter (252) for splitting the light beam (41) of the second wavelength.

The optical pickup set forth in Claim 17, wherein the two polarization beam splitters (251, 252) respectively have
different polarization characieristics with respect to the light beam (40) of the first wavelength and the light beam
(41) of the second wavelength.

The optical pickup set forth in Claim 18, wherein:

the first polarization beam splitter (251) has such a characteristic as to transmit substantially full P polarized
light and reflect substantially full S polarized light at least with respect to the light beam (40) of the first wave-
length, and

the second polarization beam splitter (252) has such characteristics as to transmit substantially full P and S
polarized light with respect to the light beam (40) of the first wavelength, and transmit substantially full P
polarized light and reflect substantially full S polarized light with respect to the light beam (41) of the second
wavelength.

The optical pickup set forth in Claim 16 or 18, further comprising a wave plate (26) which is disposed in the optical
path between the polarization beam splitters (251, 252) and the lens system (5, 11, 12) so as lo generate a 1/4
wavelength phase difference with respect to the light beams (40, 41) of the first wavelength and the second wave-
length. :

The optical pickup set forth in Claim 20, wherein the wave plate (26) is integrally and fixedly bonded to an emission
side of the polarization beam splitter (251).

The optical pickup set forth in Claim 13, wherein the first and second hologram elements (231, 241) are reflective
holograms. :

The optical pickup set forth in Claim 3, wherein a shared 2-division light receiving element (27a, 27b, 30a, 30b) is
used to detect a focus error signal according to a single knife edge method from respective semicircular beams
of either of the light beams (40, 41) of the first wavelength and the second wavelength, the semicircular beams
being splitby a splitline (231, 241, 331) in a direction corresponding to a direction of the radius of the optical disk (6).

The optical pickup set forth in Claim 23, wherein a direction of the division line of the 2-division light receiving
element (27a, 27b, 30a, 30b) is set so that, in a focus error signal due to the light beam (40) of the first wavelength
diffracted by the first hologram element (23) and a focus error signal due to the light beam (41) of the second
wavelength diffracted by the second hologram element (24), an offset resulted from variations in wavelength of
the first and second light sources (20, 21) is cancelled.

The optical pickup set forth in Claim 23, wherein a position of the division line of the 2-division light receiving
element (27a, 27b, 30a, 30b) is set o that, in a focus error signal due to the light beam (40) of the first wavelength
diffracted by the first hologram element (23) and a focus error signal due to the light beam (41) of the second
wavelength diffracted by the second hologram element (24), an offset resulted from variations in wavelength of
the first and second light sources (20, 21) is cancelled.
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The optical pickup set forth in Claim 3, wherein:

the first hologram element (23) is used to detect a tracking error signal accordingto a phase difference method
or a push-pull method, and

the second hologram element (24) is used to detect a Irackmg error signal according to a three-beam method
or a differential push- puIl method.

The optical pickup set forth in Claim 3, wherein the photosensor (27, 30, 31) is disposed lest diffraction light of the
light beam (41) of the second wavelength from the first hologram element (23) and diffraction light of the light beam
(40) of the first wavelength from the second hologram element (24) should enter the photosensor (27, 30, 31).

The optical pickup set forth in Claim 3, further comprising a wavelength selecting diffraction grating (32) for trans-
mitting the substantially full light beam (40) of the first wavelength and splitting the light beam (41) of the second
wavelength into three beams including Oth order light and +1st order light, the wavelength selecting diffraction
grating (32) being disposed between the first and second light sources (20 21) and the second hologram element
(33, 34). -

The optical pickup set forth in Claim 1 or 2, wherein the optical path splitting element (33) is one of the hologram
elements (33) for guiding the light beam (40) of the first wavelength lo the photosensor (27, 30, 31).

The optical pickup set forth in Claim 29, wherein:

the first hologram element (33) serving as the optical path splitting element (33) splits the light beams (40, 41)
of the first wavelength and the second wavelength in different directions, respectively, according to a different
diffraction angle, and A

the second hologram element (34) diffracts the light beam (41) of the second wavelength of the two beams-
split by the optical path splitting element (33), and transmits the light beam (40) of the first wavelength.

The optical pickup set forth in Claim 29 or 30, further comprising a wavelength selecting diffraction grating (32) for
transmitting the substantially fult light beam (40) of the first wavelength and splitting the light beam (41) of the
second wavelength into three beams including Oth order light and x1st order light, the wavelength selecting dif-
fraction grating (32) being formed on atransparent substrate (35) havingthe second hologram element (34) formed
thereon.

The optical pickup set forth in Claim 29, wherein a 2-division light receiving element (37a, 37b) is used to detect
a focus eror signal according to a single knife edge method from respective semicircular beams of either of the
light beams (40, 41) of the first wavelength and the second wavelength, the semicircular beams being split by a
split line (331) in a direction corresponding to a direction of the radius of the optical disk (6).

The optical pickup set forth in Claim 29, wherein:

¢

the first hologram element (33) is used to detect a tracking error signal accordingto a phase difference method
or a push-pull method, and

the second hologram element (34) is used to detect a tracking error signal according to a three-beam method
or a differential push-pull method. . '

The optical pickup set forth in either one of Claims 1 to 33, where the first light source (20) is a semiconductor
laser of a 650 nm band, and the second light source (21) is a semiconductor laser of a 780 nm band.

The optical pickup set forth in Claim 34, wherein at least one of the first and second light sources (20, 21) is a
high-power laser so as to enable recording and playback with respect to the optical disk (8).

The optical pickup set forth in either one of Claims 1 to 35, further comprising two objective lenses (38, 39) having
different effective diameters respectively corresponding to the first and second light sources (20, 21).

22

1172808A2_1_>




EP 1172 808 A2

23

BNSDOCID: <EP 1172808A2_I_>




EP 1172 808 A2

FIG. 2

L — 258

i
25A N
25

27, 30, 31

24

BNSDOCID: <EP, 1172808A2_I_>




EP 1 172 808 A2

43sy1 wuQgy

JLVULSENS syey

4] WU0SQ |

—--

r—

£

/

yasy1 wuQg9

wasv1 wuogL” |

(P)E QT4 ()€ 914

alvaisans !s

Lvyisens s

\\
¥ISV1 Wuogo

3LvyLsans svey

\\.J

]
43Syl wupg9

¥3sy1 wuoBsL

438yl wuogL

(9)€ 913

(B)E 914

25

1172808A2_I_>

P

BNSDOCID: <E



" EP 1172808 A2

E_E
BES EBOS
E W C o
QO W O I~
0D ~ o =
“5° g
SRER
Qo m o
o . ' [ ' |
O . O o ' 'y
o K - E ' ' ] ' L%
o o} 1 ' ' ] ) \
o +_ o +_ b * ' ‘ |A
. . " “ [P 1
— (| ' ' “ “ 1
- + ) 1] ) 1
' h) r=- fL
[ N M 1 Y
' ' ' | ] [ ) ../T
L T R N T R S S
S _.v-.-nx_n-_.n...-n_ -ma
. T AT
\ .I._. /
| ] ..f’.w “ " W “\4
~ ' [} | ~ | B [
> (]
Cm e S - 4'...-1.“!.*.1
mR ' NG . )
-0 [ ] \%\.. 1
o, [} ' 1 [ , ¢
—_— - dewd . - -
mh P R S “JfL
I T
+ L T T B ' “ 4
= t ] [) 1] 1 ]
o °0 ...--..--....-T-..--\--Tu .-y
— [l ]
- & a0 " w. X X "\.
CD ' ] ] ' ] < ] 1
MR L I I T v... g
Eo -J-...--..-.-......:«/J....)\.»a -
w ] ] ] ] ] t 1
= BRI SV g B
. U
e IR I 408 P O
T AT 0 AT NG - g -
[ \_.\. [ I...
v, [ I T
v ' \ ' | i —e
- CEET ML N B T T P
\\\ [} 1 t .“ w. “ .“ ?..L
] ] ] t ) (] ] [}
| S T T S T
[) L] ) [} t [} [} ] (]
bt L2l 2 02121 Lo i g g
- O~ ONYTOMN —~ O
O 00000 OO O

(001%) AONZID1443 NOI19VH4410

FIG. 4

12 14 16 1.8

1

. GROOVE DEPTH (um)

02 04 06 08

0

FI1G.S5

— 8650nm
780nm

O0th ORDER * x=1tst ORDER)

RECIPROCATING UTILIZATION EFFICIENCY

(10 AND FRO :

] t )
| [ ' 4
1 ) L]
[ ' )
MR R EREERR T
] (] [ *e
[] ' 4
] t \.
(] «
b e - e et e e == lllh\»snL
[}
1
'
t
-
1)
1
]
[}
“r
]
]
[
[
= r
1 [}
] [}
1 +
ML |
[ [
' ' ,
[ ' Ny
1] ) ]
-l \
' [ [
' [} . '
1 [} 1 '
] ] ] 1 '
.|.:..-Lu|u.m P PR DR R
1) ' N ] ' | 1)
' ' o) ' 1 ]
' 1 t Y, ] ] ] 1
1 [ 1 S, [ \
..... | JE JRPR B, K] PR S
.P b + ] ' r.—..-l.
] ] ! 1 ' 1 QN
' ] ) [ ' { s
1 ' | ] ' ] ]
i L s b i s b s el atidary
< N - 0 (o] T N Q
- = @ o 9o o
o o o O o ©o

(001 x) (%) AONIIO1443
NOKLVZITIIN ON1LYOO¥d103Y

038 12 14 16 18
GROOVE DEPTH (um)

06

02 04

0

D LI S e———

26

>

117

P

BNSDOCID: <E



BNSDOCID: <EP.

FOCUSED STATE
FIG 6(b) =24

a4
4 \\

3
1

—,

|

P

]

‘.\//.
DEFOCUS (NEAR)

FIG. 6ic)

e
/
..

DEFOCUS (FAR)

1172808A2_I_>

EP 1172 808 A2

27¢
=C
27 e
A NS
A | -
a
o
LY =
27

23b 23m




BNSDOCID: <EP.

117280BAZ_I_>

EP 1172 808 A2

24b

27e

~—~ 27

28




EP 1172808 A2

y
Z X 27d\ 23
' 27¢ R 3
24 ,24a \ 23a
;‘5/‘—\’(\\- 256
| S | .
\ 7 L= — 271
\/ 27¢ 2L
070 = \ -/ 23c
24b - 23b
46h
~a
27d
46c 23
a t 23a
27¢
24 24a  46¢ v v ‘\\ )

29

BNSDOCID: <EP. 1172808A2 ) >




EP 1172 808 A2

FIG. 10
30
30d
y! | S /
» 23  23a

24 2 X

Py SN '
/ \ 30a

- 23c

FIG. 11

30d [ 30

243 b “\
30f
30a _ ; \

—
3ol /
30e | e : \_//

24b 30h . Y

30c¢

¥
d|la

30g —[

30

BNSDOCID: <EP. 1172808A2_I_>




ave

"EP 1172808 A2

-~ . |
/ / ONOT S HIONITIAVA ¥ NIHM L¥OHS SI E_oz.wdz; v NIHM
m\ . . \ (@)Z1 914
Mo oA
ogz T | eyZ
0 3S¥Di3ML NI
1£2 WYO43AVM ND1SIQ V 40 3 |
n\:.mm
A (®)Z1 914
VAR R
L7 /.
el? x z
LYOHS S1HIONITIAVM ¥ NIHH ONOT S1HIDNITIAVA ¥ NIHM
eee - | £

¥ N.._

el

31

_>

117

ENSDOCID: <EP,



EP 1172 808 A2

,_ -/

a\\\.a.,,.;. ONOT SIHIONITIAVA V N3HA  LMOHS SIHIONITIAVA V NaHA
[

\ /

\ o : )
= @eL 914
qee : _ ey
WHO4IAYM NDISAQ ¥ 40 3SVD JHL NI ve i
| qLe s !.,........
/ N
= S E— |
< P (B)EL O
K \ \
o 1L2 \ °L¢ / ,......... , \...m..

LHOHS SIHIBNITIAVM V NIHW ONOT SIHIDNITIAVM V NIHK e

32

1172808A2_1_>

BNSDOCID: <EP.



BNSDOCID: <EP

FIG. 14

FIG.15

. 1172808A2_|_>

EP 1 172 808 A2

[31

31g

[31

Q

Q

Q

o

Yo

a AN
311

Q

33

23b




BNSDOCID: <EP

28

EP 1172 808 A2

FIG .16 .

ROTATIONAL CENTER .~ 7
(OPTIC AXIS 0)

resEet W GRS W &
-1 H
F‘*\
N
0

/

1172808A2_I_>




EP 1 172 808 A2

€¢

10€

0 SIXV 31140
\ qve

/

|

v EV eyg

Ll 914

35

1>

117280!

BNSDOCID: <EP



EP 1172 808 A2

|

0

e / Oom
a 0 SIXV 514d0
| avz
e o |
N
@
BHZ
£
T pog
8L "O1 4

36

_1_>

117

=]

BNSDOCID: <E



EP 1172808 A2

°ge

v

61 914

37

1172RDRAZ | >

QNCIVYIINY ~ 5P



EP 1172 808 A2

WS1dd v 40 NO11Y10Y Ol 3na
WVHD0I0H 3H1 NO ONILJIHS Wy3g

[44

Ve

38

I_>

11728

BNSDOCID: <EP,



EP 1172808 A2

FIG. 21
/’10
25 — |
201 | -
23
202 — |
28 ‘ ! 4 I
_ oo 27

39

B e o U Tl sernonoAn | o



" EP 1172808 A2

FIG. 22

28\

40

BNSDOCID: <EP . 1172808A2 1_>




EP 1172 808 A2

a1

LT oY ST VRS Y csThONOAN 1~




BNSDOCID: <EP.

EP 1 172 808 A2

FIG. 24

251B

|~ 231

2528

1172808A2_1_>

42




EP 1172 808 A2

FIG. 25

292

241

28~ 4 f/

43

—emm——— csTRONASAD 1 o




EP 1172808 A2

FIG.Z26

25A— ]

25 —/
29 1—_

28

44

BNSDOCID: <EP, 1172808A2_|_>




EP 1 172 808 A2

1172RARAD | >

45




EP 1172 808 A2

FIG . 28

25A—

! Vd

29 T—

28

22

46

BNSDOCID: <EP 1172808A2_)_>




EP 1172 808 A2

FIG. 29

25A—

25—

291~

a7

RNSPDOCITY <FP 1172808A2 | >




EP 1172 808 A2

FIG. 30

- 48

1172808A2_1_>

P

BNSDOCID: <E



" EP 1172808 A2

FIG. 31

49

28— |

4 amnono



EP 1172 808 A2

FIG. 32

47

\ L]

S RS et tn e R e e e et e am st e s

YYYIXI5T!
o.-.o--.o-oo-.co.-n
asss

ome——

)

Hecoremtat mcmcmi -

32

¢ ot l el L R il L T LT Y Ve - e
T R0

---oo-.-~sooJ

L
-oo.n---.o-.-....

O
N

21

50

1172808A2_1_>

BNSDOCID: <EP



EP 1172 808 A2

FI1G.33

33c

33l

51

[a LTt Ve VYT W £ 14770Nn048% | ~




" EP 1172808 A2

FIG. 34

33c¢

52

- BNSDOCID: <EP 1172808A2_1_>




EP 1172 808 A2

FIG. 35
6A
AN 1
A
—
38 39

>10

53

Arrmme——— e 19TRNCAD |~




3t
-

EP 1172808 A2

39

54

BNSDOCID; <EP 1172B08A2_|_>




'Y :‘;"”

EP 1172 808 A2

FIG.37
PRIOR ART

55

aNarY Y A £ 1172ANRA2 | >




	2007-02-01 Foreign Reference

